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TRANSACnONS 


SECTION  OF  PHYSICS  AND  CHEMISTRY 


A  PHYSICAL  ORGANIC  APPROACH 
TO  ENZYMATIC  MECHANISMS* 

By  DANIEL  E.  KOSHLAND,  JR.** 

For  ,  some  years,  it  has  been  apparent 
that  the  key  to  a  number  of  biological  proc¬ 
esses  lies  in  the  nature  and  mode  of  action 
of  active  groups  on  the  surface  of  a  protein. 
A  detailed  description  of  the  properties  of 
these  groups  has  been  very  difficult  to  ob¬ 
tain,  however,  and  physical  models,  such 
as  the  template  analogy  for  protein  synthe¬ 
ses,  cannot  easily  be  translated  into  chem¬ 
ical  terms.  One  £q)proach  that  seemed  to 
offer  some  hope  was  the  application  of  the 
methods  of  physical  organic  reaction  theory 
to  the  catalytic  action  of  enzymes.  In  this 
case,  one  would  at  least  have  a  superficial 
analogy  between  the  action  of  substrates 
under  the  influence  of  simple  catalysts  and 
under  the  influence  of  the  complex  protein 
molecules. 

It  is,  then,  a  basic  assumption  of  this 
work  that  the  behavior  of  the  substrates  on 
an  enzyme  surface  is  fundamentally  similar 
to  the  behavior  of  analogous  molecules  in 
aqueous  solution  in  the  presence  of  simple 
inorganic  and  organic  catalysts.  If  this  is 
true,  then  the  mechanisms  elucidated  by 
the  physical  chemist  can  serve  to  describe 
and  delimit  the  mechanisms  available  to 
the  substrate  on  the  enzyme.  It  is,  of  course, 
a  long  step  from  simple  catalysts  to  a  pro¬ 
tein,  but  the  observations,  (a)  that  enzy¬ 
matic  reactions  can  be  reproduced  chemical¬ 
ly  under  mild  conditions,  and  (b)  that  the 
proteins  contain  groups  whose  properties— 

'This  paper,  tile  firstof  twopapere  ina  symposium 
on  The  Mechanism  of  Eiisymatic  Substitution  and  Con¬ 
densation  Reactions,  was  presented  at  a  meeting  of 
the  Section  on  December  1,  1953.  The  research  report¬ 
ed  here  was  carried  out  at  Brookhaven  Nationai  Labo¬ 
ratory  under  the  auspices  of  the  U.  S.  Atomic  Energy 
Commiesioiu  The  second  paper,  "The  Mechanism  of 
Some  Condensations  Invoiving  Co-Ensyme  A"  by 
Severo  Ochoa,  had  not  been  received  at  the  time  of 
publication. 

"Biology  Department,  Brookhaven  National  Labor¬ 
atory,  Upton,  L.  I.,  N.  Y. 


acidic,  basic,  nucleophilic,  eto.— are  sim¬ 
ilar  to  those  encountered  in  the  simple 
catalysts,  makes  the  extrapolation  seem 
reasonable. 

The  assumption  that  physical  organic 
mechanisms  pertain  directly  to  the  enzyme 
surface  is,  in  some  ways,  like  the  second 
law  of  thermodynamics.  It  is  C£^able  of  no 
direct  proof  in  the  form  of  theoretical  logic 
or  a  critical  experiment  Rather,  its  validity 
will  be  established  by  deriving  from  it  de¬ 
tailed  explanations  of  previously  unex¬ 
plained  phenomena  and  by  deducing  new 
correlations  and  predictions  of  enzymatic 
behavior.  In  this  discussion,  we  shall  de¬ 
scribe  two  cases  where  this  has  been  done. 

The  first  involves  the  e]q>lanation  of  the 
stereochemistry  of  an  asymmetric  carbon 
Worn  during  an  enzymation  reaction  at  that 
atom.^  In  1903,  Armstrong,*  for  chemical 
reasons,  wanted  to  relate  the  configuration 
of  the  methyl  glucosides  to  the  correspond¬ 
ing  glucoses.  To  do  this  he  had  to  convert 
the  former  to  the  latter  in  a  known  manner. 
He  chose,  for  this  purpose,  the  enzyme- 
catalyzed  hydrolyses  since  he  assumed 
the  enzymes  would  be  unlikely  to  change 
the  configuration  at  the  asymmetric  carbon 
atom.  This  assumption  proved  to  be  correct 
in  his  cases  and  influenced  many  to  regard 
retention  of  stereochemical  configuration 
as  an  inherent  property  of  enzymes  and  to 
explain  this  property  by  rather  nebulous 
steric  forces.  Actually,  most  of  the  enzy¬ 
matic  reactions  in  which  the  configuration 
of  both  substrate  and  product  is  known*  do 
proceed  with  retention.  However,  in  1936, 
Freeman  and  Hopkins*  gave  evidence  that- 
beta  amylase  inverts  the  configuration  of 
the  C-1  carbon  during  hydrolysis;  and 
Fitting  and  Doudoroff*  have  clearly  demon¬ 
strated  a  phosphorylsis  reaction  in  which 
inversion  occurs.  It  is  clear,  therefore,  that 
retention  is  not  a  necessary  property  of  en¬ 
zymes  and  that  it  would  be  desirable  to  ob¬ 
tain  a  detailed  picture  which  describes  the 
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processes  of  bond  breaking  and  formation. 

This  can  be  done  by  assuming  that  the 
enzymatic  reactions  proceed  by  displace¬ 
ment  mechanisms  as  do  their  chemical 
analogs.^  With  this  assumption  and  the  ob¬ 
served  stereochemistry,  a  detailed  descrip¬ 
tion  of  the  course  of  bond  formation  and 
bond  rupture  can  be  given.  Moreover,  this 
mechanism  can,  in  certain  cases,  be  sub¬ 
jected  to  further  test  by  determining  whether 
or  not  it  is  consistent  with  exchange  and 
specificity  data.  In  this  discussion  two 
phosphorylases,  one  which  causes  inversion 
and  one  which  causes  retention  of  configu¬ 
ration,  will  be  examined  in  this  manner. 

In  the  case  of  maltose  phosphorylase,* 
the  mechanism  of  the  reaction  is  shown  in 
EQUATION  1.  At  first  the  beta  glucose-1- 
phosphate  and  the  glucose  are  absorbed  on¬ 
to  adjacent  sites  on  the  protein  surface. 
Then,  in  a  synchronous  process,  the  bond 
between  the  phosphate  oxygen  and  the  car¬ 
bon  atom  starts  to  break  as  the  bond  be¬ 


beta  glucose- 1-phosphate  -I-  glucose  +  enzyme 


tween  the  glucose  oxygen  aixl  the  carbon 
atom  starts  to  form.  This  process  conserves 
energy  and  hence  requires  much  less  acti¬ 
vation  than  would  a  mechanism  in  which 
one  bond  is  completely  broken  before  the 
other  starts  to  form.  The  products,  by  anal¬ 
ogy  to  the  chemical  displacements  of  this 
type,  will  be  the  inverted  alpha  glucose- 1- 
glucose  (maltose)  and  free  inorganic  phos^ 
phate.  These  then  dissociate  from  the  en¬ 
zyme  surface  to  regenerate  the  free  enzyme. 

It  remains  to  be  seen  whether  the  mecha¬ 
nism  is  consistent  with  the  exchange  and 
specificity  data.  Maltose  pho^horylase 
does  not  catalyze  an  exchange  between 
phosphate  and  glucose-l-phosphate.*  More¬ 
over,  the  enzyme  will  not  act  on  sugars 
closely  similar  to  glucose,  such  as  man¬ 
nose,  when  the  latter  are  used  as  acceptors 
with  glucose-l-phosphate.*  If  the  displace¬ 
ment  mechanism  is  correct,  any  exchange 
of  phosphate  would  occur  by  having  the 
phosphate  occupy  the  site  (G)  usually  oc- 


alpha  glucose- l-g^ucose  +  phosphate 
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cupied  by  glucose  (EQUATION  1).  Since 
such  close  analogs  to  glucose  as  mannose 
are  not  acceptable  at  this  position,  it  seems 
only  reasonable  that  phosphate  is  rejected 
and  hence  the  failure  to  observe  phosphate 
exchange  is  an  expected  consequence  of 
the  mechanism  and  the  specificity  data. 
In  the  sucrose  phosphorylase  reaction 

alpha  glucose- 1-phosphate  -t-  fructose  -»  ^2) 
alpha  glucose- 1-fructose  +  phosphate 

the  facts  are  quite  different.  Here  retention 
of  configuration’’  is  observed  and  it  is 
known  that  carbon-oxygen  cleavage  occurs.* 
A  successful  explanation  for  these  facts  is 
that  there  are  two  successive  displace¬ 
ments,  each  occurring  with  inversion  at  the 
C-1  atom  of  the  glucose.  In  this  case,  the 
initial  reaction  is  with  an  electron-donor 
site  on  the  enzyme  surface  (equation  3), 
which  reacts  with  the  alpha  glucose- 1-phos¬ 
phate  to  give  an  inverted  glucose  enzyme 
intermediate 

alpha  glucose-l-phosphate  +  enzyme-* 
beta  glucose- 1-enzyme  +  phosphate 

This  is  followed  by  a  second  displacement 
in  which  fructose  reacts  with  the  glucose- 
enzyme  intermediate  to  give  alpha-glucose- 
1-fructose  and  liberates  enzyme 

beta  glucose- 1-enzyme  +  fructose  -* 
alpha  glucose- 1-fructose  +  enzyme 

The  net  result  of  the  two  displacements 
with  inversions  is  the  observed  retention 
of  configuration. 

This  mechanism  is  also  consistent  with 
the  exchange  and  specificity  data.  The  en¬ 
zyme  catalyzes  an  exchange  between  in¬ 
organic  phosphate  and  glucose- 1-phos¬ 
phate*  even  in  the  absence  of  added  fruc¬ 
tose,  which  would  be  expected  if  the  glu- 
cose-l-enzyme  exists  for  a  time  which  is 
long  compared  to  the  absorption  and  de¬ 
sorption  of  phosphate  from  the  enzyme 
surface. 


Thus  it  is  possible  to  explain  the  stereo¬ 
chemistry  with  mechanisms  which  are  de¬ 
tailed  and  which  can  be  checked  by  other 
experimental  observations.  Moreover,  these 
mechanisms  can  lead  to  generalizations  in 
the  wide  field  of  enzymatic  substitution 
reactions  and  hence  may  apply  to  many  en¬ 
zymes  which  do  not  have  asymmetric  carbon 
atoms.*  With  this  point  of  view,  relation¬ 
ships  that  are  entirely  different  from  those 
that  might  be  assigned  on  the  basis  of  sim¬ 
ple  stoichiometry  are  often  obtained.  For 
example,  it  is  clear  that  maltose  phospho¬ 
rylase  is  mechanistically  more  similar  to 
beta  amylase  than  it  is  to  sucrose  phospho¬ 
rylase.  Likewise,  alpha  amylase  which 
retains  configuration  is  more  similar  to 
sucrose  phosphorylase  than  beta  amylase. 
The  ramifications  and  limitations  of  these 
criteria  are  discussed  el sewhere;***  the  cen¬ 
tral  point  emphasized  here  is  that  physical 
organic  reasoning  can  lead  to  precise  and 
consistent  mechanisms  for  previously  un¬ 
explained  enzymatic  behavior. 

The  second  specific  illustration  of  the 
usefulness  of  a  physical  organic  approach 
is  the  deduction  of  a  generalization  relat¬ 
ing  the  enzyme  specificity  pattern  to  the 
point  of  bond  rupture.*  This  is  important 
from  a  practical  viewpoint  since  there  are 
a  large  number  of  enzymes  whose  cleavage 
point  is  unknown,  and  from  a  theoretical 
viewpoint  since  it  may  lead  to  a  further 
understanding  of  that  remarkable  property 
of  enzymes,  their  ability  to  discriminate 
between  closely  similar  structures. 

The  enzymes  whose  behavior  is  to  be 
predicted  by  the  generalization  are  those 
whose  stoichiometry  conforms  to 

ROQ  +  H,0  -*  ROH  +  QOH  (5) 

and  whose  specificity  pattern  indicates  a 
high  specificity  for  the  group  R  and  a  low 
specificity  for  the  group  Q.  For  example, 
yeast  maltase  catalyzes  the  hydrolysis  of 
a  wide  variety  of  glucosides.  The  group  Q 
may  be  methyl  or  phenyl  or  glucosyl  with 
only  sli^t  changes  in  the  rate  of  the  hy- 
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diolysis.  Minor  alterations  in  the  structure 
of  the  glucose  component,  however,  such 
as  substitution  of  methoxyl  for  hydroxyl  at 
the  C-6  position,  decrease  the  enzyme  ac¬ 
tion  to  such  an  extent  that  hydrolysis  is 
undetectable  over  prolonged  time  intervals. 

To  relate  this  to  the  cleavage  point,  two 
alternatives  must  be  considered  if  the  re¬ 
action  proceeds  by  a  displacement  mecha¬ 
nism.  Designating  D  as  the  initial  displac¬ 
ing  agent,  it  can  be  seen  that  displacement 
on  R  will  cause  splitting  of  the  R-0  bond 

D"  +  ROQ-D  •—« . OQ-D-R  +  "OQ  (6) 

whereas  displacement  on  Q  will  cause 
splitting  of  the  Q-0  bond 

D'  +  ROQ-D . Q . OR-D-Q  +  "OR  (7) 

If  the  displacement  occurs  on  R,  the  posi¬ 
tion  of  the  activating  groups  on  the  enzyme 
surface  could  remain  essentially  constant 
on  going  from  substrate  to  substrate  since 
R  changes  only  slightly.  Thus,  in  the  malt- 
ase  reaction,  the  displacement  would  al¬ 
ways  be  on  the  anomeric  carbon  of  the 
glucose.  The  changing  group,  Q,  is  at 
least  one  bond  distance  removed  from  the 
center  of  reaction. 

If  the  displacement  occurs  on  Q,  how¬ 
ever,  it  would  mean  that  the  displacement 
would  occuron  a  methyl  carbon  in  onecase, 
on  a  phenyl  in  the  next,  and  on  an  acetal 
carbon  in  the  third.  The  group  at  the  very 
center  of  the  reaction  is  changing  and,  in 
ways  that  chemical  information  indicates, 
would  require  quite  different  natures  and 
orientations  for  the  catalytic  groups.  A 
logical  conclusion  to  these  arguments  could 
be  stated  as  follows:  In  an  enzymatic  re¬ 
actioninvolving  the  substrate  ROQin  which 
the  enzyme  exhibits  high  specificity  for  R 
and  low  specificity  for  Q,  the  R-0  bond 
will  be  broken  in  the  reaction. 

This  hypothesis  can  be  tested  experi¬ 
mentally,  mainly  by  the  use  of  oxygen  iso¬ 
topes.  The  number  of  pertinent  reactions 
on  which  sufficient  information  is  available 


is  limited  but  they  include  examples  in  the 
categories  of  the  phosphatases,  glyco- 
sidases,  and  peptidases.*  All  these  known 
cases  agree  with  the  generalization  and 
none  are  known  which  disagree.  The  theo¬ 
retical  arguments  relating  specificity  to 
to  cleavage  point  are,  therefore,  supported 
by  a  significant  amount  of  experimental 
evidence. 

The  explanation  of  stereochemical  be¬ 
havior  and  the  correlation  of  bond  rupture 
with  specificity  are,  in  themselves,  evi¬ 
dence  of  the  value  of  the  physical  organic 
approach  to  enzyme  mechanisms.  What  is 
even  more  important  is  that  the  agreement 
of  theory  and  experiment  supports  the  basic 
assumptions  that  the  reactions  proceed  by 
displacement  mechanisms  and  that  one  can 
extrapolate  from  simple  to  protein  catalysts. 
These  assumptions  can  then  be  used  with 
more  confidence  in  exploring  new  relation¬ 
ships,  generalizations  concerning  enzyme 
substitution  reactions  for  example,  and  in 
limiting  the  number  of  alternatives  in  com¬ 
plex  processes  such  as  protein  synthesis. 
Thus,  although  the  number  of  successful 
applications  is  still  very  limited,  it  appears 
that  this  approach  may  serve  as  a  powerful 
tool  in  elucidating  the  nature  and  behavior 
of  active  groups  on  protein  surfaces. 
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REPORT  OF  THE  ANNUAL  MEETING 


December  3,  1953 

The  136th  Annual  Meeting  of  the  Academy, 
for  the  election  of  Fellows,  the  presentation  of 
reports,  and  the  transaction  of  other  business. 


was  held  at  the  Academy  Building  on  the  evening 
of  Thursday,  December  3,  1953. 

The  first  order  of  business  was  devoted  to  the 
reports  of  the  Officers  and  Committees  of  the 
Academy. 


REPORTS  OF  OFFICERS  AND  COMMITTEES 


Report  ot  the  Recording  Secretary.  We  have 
now  come  to  the  close  of  another  year  in  the  af¬ 
fairs  of  The  New  York  Academy  of  Sciences, 
the  136th  anniversary  of  its  founding. 

During  this  year,  we  have  climbed  many  more 
rungs  in  the  ladder  reaching  toward  the  fulfill¬ 
ment  of  our  ultimate  goal,  the  development  of  a 
Science  Center.  In  this  endeavor,  each  year 
yields  new  and  encouraging  results  as  well  as 
new  problems,  as  in  the  case  of  all  growing  in¬ 
stitutions,  and  these  must  be  met  with  the  same 
initiative  and  resourcefulness  which  have 
brought  assured  success  in  the  past  years. 

It  is  a  pleasure  to  express  grateful  apprecia¬ 
tion  to  the  cooperating  scientists,  to  the  Of¬ 
ficers,  our  membership,  and  to  the  Staff  of  the 
Academy  for  their  endeavors  in  aiding  in  the  ex¬ 
pansion  of  the  Academy’s  usefulness.  The  spirit 
of  optimism,  loyalty  and  willing  cooperation 
that  characterizes  this  successful  group  effort 
and  the  generous  desire  to  serve  the  best  in¬ 
terests  of  the  Academy  imbue  this  institution 
with  the  vitality  to  accomplish  its  purpose  and 
aims. 

Our  gratitude  and  deepest  thanks  go  also  to 
the  Women’s  Auxiliary  of  The  New  York  Academy 
of  Sciences  for  their  remaikable  efforts  on  be¬ 
half  of  the  Academy.  This  organization,  now  in 
its  fourth  year,  has  contributed  $  1, 5 18. 79  toward 
furnishings  for  the  Academy  Building.  You  have, 
no  doubt,  noted  the  beautiful  new  draperies  in 
the  entrance  hall,  main  hall  and  fourth  floor 
meeting  room,  which  have  been  made  possible 
by  these  contributions  resulting  from  the  tireless 
and  enthusiastic  work  of  the  Auxiliary.  The 
Members  of  the  Academy  who  have  attended  the 
Annual  Bazaars  and  other  social  activities  ai^ 
ranged  by  these  women,  have  seen  how  effec¬ 
tively  they  have  carried  out  their  programs  with 
constructive  planning  and  skillful  management 
to  make  these  pleasing  events  so  successful. 

Included  among  the  important  accomplishments 
toward  expanding  the  activities  and  usefulness 
of  the  Academy  is  the  establishment  of  a  new 
division  within  the  Academy’s  woiking  set-up 
designated  as  "Societies  Administration  and 
Building  Use  Division,’’  to  serve  the  function 
of  handling  reservations  and  arrangeme  its  for 
all  meetings  held  in  the  Academy  Buildi.ig  and, 
in  addition,  to  furnish  a  service  to  othei  socie¬ 
ties  to  handle  the  management  and  arrangement 
for  their  routine  administration  and  society  ac¬ 
tivities.  This  is  being  done  on  the  basis  of  an 
agreement  mutually  satisfactory  to  each  specific 
society  and  the  Academy. 

A  new  and  complete  offset  printing  plant  has 


been  installed  within  the  Academy  with  a  com¬ 
petent  staff  capable  of  operating  it.  This  now 
makes  it  possible  to  do  ^1  of  our  own  miscel¬ 
laneous  printing  as  well  as  that  involved  with 
the  publishing  of  the  Monthly  Program,  the  Tran¬ 
sactions,  Authors’  reprints,  and  the  shorter 
Articles  published  in  the  Annals  series  in  a 
more  economical  manner  both  for  time  and  cost 

Another  important  achievement  has  been  the 
successful  development  of  the  work  of  the  Com¬ 
mittee  for  the  Study  of  Natural  Radioactive  Sub¬ 
stances.  This  Committee  was  established  in 
1951  for  the  purpose  of  encouraging  such  re¬ 
search  by  making  available  to  competent  inves¬ 
tigators  actual  quantities  of  radioactive  sub-  j 
stances  essential  for  specific  projects,  as  are 
approved  by  the  Committee,  vdiich  will  tend  to¬ 
ward  the  advancement  of  knowledge  in  this  field. 
Several  research  projects  are  now  under  way 
with  the  desired  radioactive  substances  sup¬ 
plied.  The  Boris  Pregel  Prize  in  the  Field  of 
Natural  Radioactive  Substances  has  been  es¬ 
tablished  within  the  Academy  to  further  en¬ 
courage  work  in  this  field  and  the  Academy 
looks  forward  to  holding  the  conferences  and 
important  meetings  on  the  subjects  concerned 
and,  also,  the  publication  of  papers  resulting 
from  such  research. 

The  Academy,  since  its  foundation,  has  main¬ 
tained  cordial  international  interrelationships 
and  has  always  recognized  the  importance  of 
broadening  international  scientific  cooperation. 

In  this  endeavor,  many  foreign  scientists  have 
been  invited  to  participate  in  its  meetings,  es¬ 
pecially  at  the  conferences.  It  has  encour¬ 
aged  and  maintained  a  large  foreign  membership 
and  has  distributed  its  publications  to  more  than 
600  foreign  institutions,  on  a  mutual  exchange 
basis. 

During  the  past  year,  an  organization  was 
founded,  known  as  the  Cooperative  Research 
Foundation  (CORE),  with  aims  that  parallel  the 
emphasis  the  Academy  has  thus  laid  upon  such 
international  contacts.  This  Foundation  has  ‘ 

evolved  a  program  to  establish  international 
relations  centers  in  areas  of  scientific  activity 
and  ports  of  entry  for  scientific  visitors  from  | 
other  nations.  The  main  functions  of  these  re-  I 

gional  centers  will  be  to  facilitate  contacts  be-  f 

tween  the  visiting  scientists  and  scientific 
personnel  in  the  area;  to  serve  as  a  coordinating  ' 
agency  for  international  scientific  activities  in 
the  area;  and  to  offer  such  assistance  to  visit-  • 
ing  scientists  as  other  institutions  of  the  area  I 

may  not  be  equipped  to  give.  The  first  of  these  I 

centers  was  established  in  San  Francisco,  1 
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California,  in  cooperation  with  the  California 
Academy  of  Sciences.  The  Council  of  The  New 
York  Academy  of  Sciences  is  pleased  to  air- 
nounce  that  it  has  agreed  to  serve  as  the  host 
society  for  the  New  York  Center  serving  this 
area  and  will  thus  work  with  the  Cooperative 
Research  Foundation  in  the  expanding  develop¬ 
ment  of  this  important  and  farseeing  international 
program. 

These  are  some  of  the  salient  features  which 
highlight  the  Academy’s  work  of  the  past  and 
give  a  measure  of  the  progress  being  made. 

We  are  proud  of  this  record  and  the  Member¬ 
ship  of  the  Academy,  supporting  and  participat¬ 
ing  in  its  activities,  may  be  confident  that  its 
growth  is  strong. 

The  splendid  facilities  available  for  holding 
meetings  in  the  Academy  Building  are  attracting 
an  increasing  number  of  scientific  groups  each 
year.  During  the  past  year,  285  meetings  were 
held  in  the  Academy  Building.  Eighty-three  of 
these  were  under  the  auspices  of  the  various 
Sections  or  held  as  general  meetings  of  the 
Academy  and  the  remainder  were  held  by  a  total 
of  38  societies  which  enjoyed  the  hospitality 
of  the  Academy  and  the  friendly  atmosphere  of 
the  Building. 

A  total  of  233  papers  was  presented  at  the 
meetings  of  the  Academy,  including  the  con¬ 
ferences. 

Seven  conferences  on  special  subjects  of  re¬ 
search  were  held.  These  meetings  were  well 
attended  by  outstandinginvestigators.  The  titles 
are  as  follows: 

‘Ion  Exchange  Resins  in  Medicine  and  Bio¬ 
logical  Research,”  Co-chairmen:  Harry  Sobotka, 
Mount  Sinai  Hospital,  New  York,  N.  Y.;  H.  P. 
Gregor,  Polytechnic  Institute  of  Brooklyn, 
Brooklyn,  N.  Y. 

‘‘Branched  Molecules,”  Chairman,  Frederick 
R.  Eirich,  Polytechnic  Institute  of  Brooklyn, 
Brooklyn,  N.  Y. 

“Parental  Age  and  Characteristics  of  the  Off¬ 
spring,”  Chairman,  Leonell  C.  Strong,  Yale 
University,  School  of  Medicine,  New  Haven, 
Connecticut. 

“Nutritional  Factors  and  Liver  Diseases,” 
Chairman,  Klaus  Schwarz,  National  Institutes  of 
of  Health,  Bethesda,  Md. 

“The  Status  of  Multiple  Sclerosis,”  held 
jointly  with  the  Nation^  Multiple  Sclerosis 
Society,  Co-chairmen:  Pearce  Bailey,  Director, 
National  Institute  of  Neurological  Diseases  and 
Blindness,  National  Institutes  of  Health, 
Bethesda,  Md.;  Harold  R.  Wainerdi  of  the  National 
Multiple  Sclerosis  Society,  New  York,  N.  Y. 

“Basic  Odor  Correlation,”  held  jointly  with 
The  American  Society  of  Heating  and  Ventilating 
Engineers. 

“The  Colon:  Its  Normal  and  Abnormal  Physi¬ 
ology  and  Therapeutics,”  Organizing  Chairman, 
M.  L.  Tainter,  Director,  Sterling-Winthrop  Re¬ 
search  Institute,  Rensselaer,  N.  Y.;  Conference 
Chairman,  Thomas  P.  Almy,  Cornell  Medical 
School,  Cornell  University,  New  York,  N.  Y. 

During  this  year,  1128  new  Members  were 
added  to  our  rolls,  as  follows:  5  Honorary  Life 
Members;  7  Active  Life  Members;  47  Sustaining 
Members;  1055  Annual  Active  Members;  and  14 
Student  Members.  Twenty-five  former  Members 
were  reinstated,  plus  the  addition  of  one  Active 
Member  by  adjustment  in  the  total  Membership 


count,  thus  making  a  gross  total  of  1154  names 
added  to  the  current  Membership  rolls. 

Four  Annual  Members  were  transferred  to  Life 
Membership,  one  of  whom  had  paid  dues  In  the 
Sustaining  Class  for  more  than  twenty-five  years 
and  22  transfers  were  effected  in  the  Annual 
Classes. 

The  Academy  lost  by  death  2  Honorary  Life 
Members,  6  Active  Life  Members,  2  Sustaining 
Members  and  22  Annual  Active  Members.  Four- 
hundred  and  five  resignations  were  accepted  and 
336  Members  were  dropped  as  not  having  paid 
dues  or  for  not  having  qualified  for  Membership. 
The  Academy  now  stands  with  a  net  gain  of 

381  Members.  There  are,  at  present,  upon  the 
rolls  of  the  Academy  7,559  Members  (of  whom 
826  are  Fellows),  classified  as  follows:  3  Ben¬ 
efactors;  3  Patrons;  64  Honorary  Life  Members; 

382  Active  Life  Members;  316  Sustaining  Mem¬ 
bers;  6,687  Annual  Active  Members;  99  Student 
Members;  5  Corporation  Members. 

Record  is  made  with  regret  of  the  loss  by  death  of 
the  following  Members: 

John  D.  Adcock,  elected  to  Active  Membership,  15  May 
1951.  Died  10  May,  1953. 

Ralph  T.  Alba,  elected  to  Active  Membership,  23 
January,  1947.  Died  1952. 

A.  S.  Arguelles,  elected  to  Associate  Membership,  24 
July,  1941;  transferred  to  Active  Membership,  14 
May,  1948.  Died  10  July,  1952. 

George  E.  Ashby,  elected  to  Active  Membership,  4 
April,  1910;  transferred  to  Life  Membership,  27 
January,  1938.  Died  17  July,  1953.  Fellow. 

Harriet  S.  B.  Babcock,  elected  to  Section  Membership, 
26  October,  1933;  transferred  to  Active  Membership, 
7  February,  1938.  Died  1953.  Fellow. 

Alexander  Francis  Bain,  elected  to  Active  Member¬ 
ship,  15  June,  1951.  Died  27  August,  1953. 

E.  Morton  Bradley,  elected  to  Active  Membership,  15 
July,  1947.  Died  15  July,  1953. 

J.  Frederick  Burgess,  elected  to  Active  Membership, 
15  June,  1949.  Died  June,  1953. 

Edwin  J.  Cohn,  elected  to  Active  Membership,  l  May, 
1939.  Died  4  Octobbr,  1953.  Fellow. 

Samuel  C.  Damon,  II,  elected  to  Active  Membership, 
15  August,  1950.  Died  8  August,  1952. 

Richard  E.  Dodge,  elected  to  Active  Membership  1895; 
transferred  to  Life  Membership,  February  1916.  Died 
2  April,  1952.  Fellow. 

Gano  Dunn,  elected  to  Life  Membership,  5  December, 
1907.  Died  10  April,  1953.  Fellow. 

Meyer  M.  Harris,  elected  to  Active  Membership,  15 
June,  1948.  Died  26  December,  1952. 

Joseph  S.  Hollister,  elected  to  Associate  Membership, 
7  November,  1938;  transferred  to  Active  Membership, 
22  January,  1948.  Died  8  May,  1953. 

Victor  N.  Kalberg,  elected  to  Sustaining  Membership, 
15  August,  1951.  Died  28  December,  1952. 

Sister  Elizabeth  Kenny,  elected  to  Active  Membership, 
25  October,  1951.  Died  30  November,  1952. 

Charles  F.  Longfellow,  elected  to  Sustaining  Member¬ 
ship,  23  March,  1950.  Died  January  1952. 

William  H.  McCastline,  elected  to  Active  Membership, 

4  May,  1925.  Died  11  July,  1953.  Fellow. 

Orville  E.  McKim,  elected  to  Life  Membership,  1  March, 
1937.  Died  15  May.  1953. 

William  F.  Morgan,  elected  to  Active  Membership,  4 
April,  1910;  transferred  to  Life  Membership,  25 
January,  1934.  Died  1951. 

Aram  G.  Paul,  elected  to  Active  Membership,  25  Oc¬ 
tober,  1945.  Died  March,  1953. 
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John  E.  Plunkett,  elected  to  Active  Memberehip,  25 
May,  1950.  Died  11  January.  1953. 

Milton  H.  Rediah,  elected  to  Active  Membership,  16 
June,  1947.  Died  29  August,  195?. 

Edward  B.  Sanigar,  elected  to  Aasociate  Membership, 
4  December,  1939:  transferred  to  Active  Membership, 
16  November,  1944.  Died  27  July,  1953. 

Lawrence  M.  Shapiro,  elected  to  Active  Membership, 
15  September,  1952.  Died  26  August,  1953. 

Donald  Slaughter,  elected  to  Associate  Membership, 
3  February,  1941;  transferred  to  Active  Membership, 
26  February,  1948.  Died  June,  1951. 

Howard  Sloan,  elected  to  Active  Membership,  24  March, 
1949.  Died  27  July.  1952. 

J.  E.  Tausz,  elected  to  Active  Membership,  15  Au¬ 
gust,  1949.  Died  19  February,  1953. 

Samuel  G.  Tibbals,  elected  to  Active  Membership,  6 
November,  1916;  transferred  to  Life  Membership,  15 
December,  1951.  Died  1952. 

Kristen  Martin  Tvede,  elected  to  Active  Membership, 
22  March.  1951.  Died  6  July,  1952. 


Henri  Pleron 
Gaston  L.  Ramon 
Carl-Guataf  A.  Roaaby 
John  Rurmatrom 
Hetuy  Norris  Russell 
Wilhelm  Schmidt 
Erik  A.  Stenaio 
Th.  Svedberg 
Harald  U.  Sverdrup 
N.  H.  Swellengrebel 
Albert  Szent-Gyorgyi 
Ame  Tiselius 
Johannes  H.  F.  Umbgrove 
Felix  A.  Venin^Meinesz 
Max  Von  Laue 
David  M.  S.  Watson 
R.  Stefan  Jan  Weigl 


Paris,  France 
Paris,  France 
Chicago,  Illinois 
New  York,  New  York 
Princeton,  New  Jersey 
Dotnach,  Switzerland 
Stockholm,  Sweden 
Uppsala,  Sweden 
Oslo,  Norway 
Amsterdam,  Holland 
Princeton,  New  Jersey 
Uppsala,  Sweden 
Delft,  Holland 
Anersfoort,  Holland 
Berlin,  Germany 
London,  England 
Cracow,  Poland 


Record  is  made  with  regret  of  the  loss  by 
death  of  the  folloVdng  Honorary  Life  Members: 


Report  of  the  Corresponding  Secretary.  There 
are,  at  present,  upon  -the  rolls  of  the  Academy, 
64  Honorary  Life  Members.  The  Corresponding 
Secretary  takes  this  opportunity  of  presenting 
Members  of  the  Academy  with  an  up-to-date  list 
of  the  Honorary  Life  Membership  Class: 


Sven  O.  Asplund 
William  Thomas  Astbury 
Oswald  T.  Avery 
Liberty  H.  Bailey 
Ernest  D.  Bergman 
Charles  H.  Best 
Niels  BJerrum 
Niels  Bohr 
Henri  Breuil 
MacFarlane  Burnet 
M.  Albert  Caquot 
Alfonso  Caso 
Maurice  Caullery 
James  B.  Collip 
Arthur  H.  Compton 
Eduardo  Cruz-Coke 
Henry  Dale 
Thomas  Dalling 
Clinton  J.  Davisson 
Peter  J.  W.  Debye 
Pierre  T.  De  Chardin 
Albert  Defant 
Alexander  Fleming 
Howard  W.  Florey 
Ross  G.  Harrison 
David  K.  Henderson 
Ludwik  Hirzfeld 
Bernardo  A.  Houssay 
Julian  S.  Huxley 
Harold  Jeffreys 
Peter  Kapitza 
'  Arthur  Keith 
A.  Jan  Kluyver 
Alfred  L.  Kroeber 
Hugo  R.  Kruyt 
Irving  Langmuir 
K.  S.  Lashley 
Constantin  LevadiU 
HeiuiqueDaRocha  Lima 
K.  U.  Linderstrom-Lang 
Robert  H.  Lowie 
Vladimir  A.  Obruchev 
Marcua  I.  E.  Oliphant 
Charles  Palache 
George  H.  Parker 


Gothenburg,  Sweden 
Leeds,  England 
Nashville,  Tennessee 
Ithaca,  New  York 
Rehovot,  Israel 
Toronto,  Canada 
Copenhagen,  Denmark 
Copenhagen,  Denmark 
Paris,  France 
Victoria,  Australia 
Paris,  France 
Mexico  City,  Mexico 
Paris,  France 
London,  Canada 
St.  Louis,  Missouri 
Santiago,  Chile 
London,  England 
London,  England 
Charlottesville,  Virginia 
Ithaca,  New  York 
Paris,  France 
Innsbruck,  Austria 
London,  England 
Oxford,  England 
New  Haven,  Connecticut 
Edinburgh,  Scotland 
Wroclaw,  Poland 
Buenos  Aires,  Argentina 
New  York,  New  York 
Cambridge,  England 
Moscow,  U.S.S.R. 
Famboro,  England 
Delft.  Holland 
New  York,  New  York 
The  Hague,  Holland 
Schenectady,  New  York 
Orange  Park,  Florida 
Paris,  France 
Sao  Paulo,  Brazil 
Copenhagen,  Deiunark 
Berkeley,  California 
Moscow,  U.S.S.R. 
Canberra,  Australia 
Cambridge,  Massachusetts 
Cambridge,  Massachusetts 


.  1.  k 


Edwin  Grant  Conklin,  Princeton,  New  Jersey,  elected 
14  December,  1938.  Died  November  21,  1952. 

Paul  Niggli,  Zurich,  Switzerland,  elected  14  December, 
1944.  Died  March,  1953. 

Florence  R.  Sabin,  Denver,  Colorado,  elected  14  De¬ 
cember,  1944.  Died  3  October,  1953. 

Report  of  the  Editor.  During  the  fiscal  year 
ending  October  31,  1953,  The  New  York  Academy 
of  Sciences  has  published  7  monographs,  com¬ 
prising  a  total  of  1,332  pages.  Included  in  these 
are  139  papers  by  207  authors.  The  pagination 
of  the  TRANSACTIONS  (312  pages)  brings  the 
total  pagination  issued  to  1,644  pages. 

The  list  of  publications  is  as  follows: 


ANNALS 

Volume  55,  Article  6,  “Use  of  Antibiotics  in  Tropicsl 
Diseases**  (33  papers),  by  H.  W.  Brown  et  at.  Pages 
967-1284.  Published  December  30,  1952. 

Volume  56,  Article  2,  “Comparative  Conditioned  Neu¬ 
roses**  (15  papers),  by  E.  J.  Kempf  at  at.  Pages 
141-380.  Published  February  25,  1953. 

Volume  56,  Article  3,  “Virus  and  Rickettsial  Classi¬ 
fication  and  Nomenclature**  (31  papers),  by  Sir 
MacFarlane  Btimet  et  at.  Pages  381-622.  Pul> 
llshed  March  31,  1953. 

Volume  56,  Article  4,  “Mechanism  of  Corticosteroid 
Action  in  Disease  Processes**  (23  papers),  by  O. 
Hechter  et  at.  Pages  623-814.  Published  July  17, 
1953. 

Volume  56,  Article  5,  **Growth  of  Protozoa**  (35 
papers),  by  S.  H.  Hutner  et  at.  Pages  815-1094. 
Published  October  14,  1953. 

Volume  57,  Article  1,  “The  Organization  of  The  New 
York  Academyof  Sciences**  (1  paper).  Pages  1-22. 
Published  June  20,  1953. 

Volume  57,  Article  2,  '*The  Role  of  Growth  Hormone 
in  Carbohydrate  Metabolism**  (1  paper),  by  R.  C. 
De  Bodo  and  M.  W.  Slnkoff.  Pages  23-60.  Pub¬ 
lished  June  30,  1953. 


TRANSACTIONS 

Series  n.  Volume  15,  Numbers  1-8,  consisting 
of  312  pages,  was  completed,  printed  and  dis¬ 
tributed  each  month  from  November  1952  to  June 
1953,  inclusive. 


IN  PRESS:  In  addition  to  the  articles  pub¬ 
lished  above,  the  following  monographs  are  in 
press:  ANNALS,  Volume  57,  ArUcls  3.  **Ion 
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I  search'*  (20  papers),  by  H.  Sobotka  et  at.  Pages 
61*324>  Published  November  11,  1953.  Volume 
56,  Article  6,  "Lean  Body  Weight  in  Relation 
to  Basal  Metabolism"  (1  paper),  by  A.  R.  Behnke. 
Pages  1095*1142  Publish^  November  17,  1953. 
Volume  57,  Article  4,  "Branched  Molecules" 
(11  papers).  Pages  32^450.  By  F.  R.  Eirich  at 
al.  Published  November  19,  1953.  Volume  56, 
Article  7,  "Mathematical  Deduction  from  Empiri* 
cal  Relations  between  Metabolism,  Surface  Area, 
and  Weights"  ( 1  paper),  by  Hermann  von  Schelling. 
'  To  be  published  about  December  31,  1953.  Vol* 
ume  57,  Article  5,  "Parental  Age  and  Charac¬ 
teristics  of  the  Offspring"  (21  papers),  by  L.  C. 
Strong  et  al.  To  be  published  about  December 
31,  1953.  Volume  57,  Article  6,  "Nutritional 
Factors  and  Liver  Diseases"  (34  papers),  by 
Klaus  Schwarz  et  al.  To  be  published  about  Jan¬ 
uary  31,  1954.  Volume  58,  Article  4,  "The  Colon: 
Its  Normal  and  Abnormal  Physiology  and  Thera- 
I  peutics"  (22  papers),  by  M.  L.  Tainter  et  al.  To 
I  be  published  atout  February  1954«  Volume  58, 

*  Article  2,  "Basic  Odor  Research  Correlation" 
(27  papers),  by  A.  R.  Behnke  et  al.  To  be  pub¬ 
lished  about  February  1954.  Volume  58,  Article 
1,  "Neurotoxoid  Interference  with  two  Human 
Strains  of  Poliomyelitis  in  Rhesus  Monkeys" 
(1  paper)  by  Murray  Sanders.  To  be  published 
November  30,  1953.  Volume  58,  Article  3,  "The 
I  Synthesis  and  Physical-Chemical  Properties  of 
-  New  Aromatic  Amidines"  (1  paper)  by  Martin 
/  Kuna  and  M.  J.  Kopac.  To  be  published  about 
December  31,  1953. 


From  November  1,  1952  to  October  31,  1953, 
the  Academy  distributed  132,048  separate  pub¬ 
lications  and  15,468  complete  volumes  of  the 
various  series  as  follows: 


Separate 

Volumes 

! 

Numbers 

1  Aimals 

1  Gratis:  Members  . 

32, 157 

Gratis:  Authors,  reviews. 

exchanges  and  Donors  .... 

8,441 

184 

1  Sales . 

8,766 

59 

1  Authors*  Reprints: . 

61,790 

}  Transactions 

Gratis:  Members . 

7,304 

)  Gratis:  Authors,  exchanges 

(  and  reviews  . 

4,427 

47 

'  Sales  . 

294 

198 

Authors*  Reprints . 

10,900 

Special  Publications  (Vol¬ 
umes  I,  m,  &  IV) 

Gratis:  Individuals,  reviews 

15 

)  Sales  . 

187 

Scientific  Survey  of  Porto  Rico: 

)  Gratis . 

40 

Sales . 

243 

26 

Monthly  Program 

Members . 

7,408 

Gratis:  Individuals . 

2,123 

Sales . 

2,907 

13Z048 

15,468 

The  total  Hat  value  of  publications  distrib¬ 
uted  to  the  Members,  and  gratis  to  authors,  do¬ 
nors,  reviewers  and  exchange  institutions  is 
$1S0,47L34.  (Members  $117,877.20,  other  recip¬ 
ients  $32,594. 14). 


Report  ot  the  Auditors. 

Peat,  Marwick,  Mitchell  &  Co. 
Certified  Public  Accountants 
Seventy  Pine  Street 
New  York  5,  N.  Y. 

Accountants*  Report 

To  the  Finance  Committee 

The  New  York  Academy  of  Sciences 
New  York,  N.  Y. 

We  have  examined  the  balance  sheet  of  The 
New  York  Academy  of  Sciences  as  of  October 
31,  1953  and  the  related  statement  of  income 
and  expenses  and  General  Fund  deficit  for  the 
year  then  ended.  Our  examination  was  made  in 
accordance  with  generally  accepted  auditing 
standards,  and  included  such  tests  of  the  ac¬ 
counting  records  and  such  other  auditing  pro¬ 
cedures  as  we  considered  necessary  in  the  cir¬ 
cumstances. 

The  cash  and  bank  balances  have  been  con¬ 
firmed  by  count  or  by  certificate  obtained  directly 
from  the  depositary. 

We  did  not  confirm  the  members'  dues  or  the 
pledges  receivable  by  communication  with  the 
respective  members  or  pledgors.  We  communicat¬ 
ed  with  all  debtors  on  accounts  receivable  for 
publications  by  mailing  the  Academy's  state¬ 
ments  for  the  month  of  October  accompanied  by 
a  request  that  we  be  notified  of  any  exceptions 
and  the  exceptions  reported  were  explained  to 
our  satisfaction.  Provision  has  not  been  made 
for  possible  loss  in  collection  of  dues,  pledges 
and  accounts  receivable. 

The  books  and  publications  on  hand  at  Octo¬ 
ber  31,  1953  have  not  been  reflected  in  the  ac- 
cong>anying  balance  sheet  as  it  is  the  policy  of 
the  Academy  to  charge  to  expense  the  publica¬ 
tion  costs  as  incurred. 

The  fund  investments  were  inspected  and  the 
income  therefrom  was  confirmed  by  reference  to 
independent  sources. 

We  inspected  the  deed  to  the  real  estate  at  2 
East  63rd  Street,  New  York  contributed  to  the 
Academy  in  1949.  It  is  carried  in  the  balance 
sheet  at  the  valuation  as  assessed  by  the  City 
of  New  York  for  real  estate  tax  purposes  as  of 
the  date  of  the  contribution.  The  furniture,  fix¬ 
tures  and  equipment  include  furnishings  contrib¬ 
uted,  to  which  a  ‘value  of  $10,000.00  was  as¬ 
signed.  We  inspected  approved  vouchers  in  sup¬ 
port  of  the  equipment  purchased  during  the  year. 
Consistent  with  the  practice  usually  followed 
by  similar  organizations,  the  Academy  does  not 
provide  for  depreciation  of  the  furniture,  fixtures 
and  equipment  or  of  the  building. 

All  liabilities  of  which  we  obtained  knowledge 
in  the  course  of  our  examination  have  received 
appropriate  recognition. 

In  our  opinion,  subject  to  the  foregoing  com¬ 
ments,  the  accompanying  balance  sheet  and 
statement  of  income  and  expenses  and  General 
Fund  deficit  present  fairly  the  financial  position 
of  The  New  York  Academy  of  Sciences  at  Octo¬ 
ber  31,  1953  and  the  results  of  its  operations 
for  the  year  then  ended,  on  a  basis  consistent 
with  that  of  the  preceding  year. 

f  a/p  eat,  Marwick,  Mitchell  Sg  Co. 
New  Yorit,  N.  Y. 

November  18,  1953. 


THE  NEW  YORK  ACADEMY  OF  SQENCES 

Balance  Sheet 
i4s  o/  October  31,  1953 


ASSETS 

Cash  on  hand 

Cash  in  The  Chase  National  Bank  of 
the  City  of  New  Yoric: 

General  fund 
Sk>ecial  funds: 


Grants-iifaid  $  IS,  964. 71 

New  York  Society  for  Electron 
Microscopists  fund  219.31 

Contribution  for  Wennei^Gren  Foundation 
prize  1,000.00 

A.  Cressy  Morrison  prize  fund  1,292.89 

George  Frederidc  Kunz  prize  fund  497.55 

Contributions  for  furniture  and  fixtures  176. 15 

Auditorium  project  fund  104. 16 


19, 254.77 

Deduct  temporary  loans  to  other  funds  6,025. 18 


Members’  dues  receivable  for  calendar 
years  1952  ($20.00)  and  1953 
Building  fund  pledges  receivable 
Accounts  receivable  for  publications 
Prepaid  expenses 

Fund  investments  (see  note): 

Endowment  and  prize  funds  -  securities 
stated  at  purchased  cost  or  quoted  price 
at  date  of  contribution  (quoted  market 
value  at  October  31,  1953,  $104,449.75)  82,156.15 

Building  fund-  securities  stated  at 

purchased  cost  (quoted  market  value  at 

October  31,  1953,  $7,649.00)  7,080.37 


Real  estate,  furniture,  fixtures  and  equipment: 

Real  estate  at  2  East  63rd  Street,  New  York, 
at  assessed  valuation  at  date  of  contribu¬ 
tion,  and  improvements  at  cost: 

Land  200,00a00 

Buildings  225,000.00 

Improvements  27,280.63 


452, 28a  63 

Furniture,  fixtures  and  equipment  -  com¬ 
prising  contributed  furnishings  at  assigned 
vcdue  of  $10,00a00  and  balance  at' cost  38,588.81 


Transfers  between  fuivls,  per  contra 


Note:  The  Academy  will  receive  upon  the  final  distribution 
of  the  estate  of  the  late  Thomas  Lincoln  Casey  cash, 
bonds  and  stocks  in  the  aggregate  amount  of  approxi¬ 
mately  $220,000.00.  Dividends  of  $1,077.40  received 
on  some  of  these  stocks  have  been  included  in  the 
statement  of  income  arxl  expenses. 


$  46.88 


659. 10 


13,229.59 


3,900.00 
1,050.00 
3,803. 14 
509.48 


89,236.52 


490,869.44 


603,304.15 
6,025. 18 


$609,329.33 


THE  NEW  YORK  ACADEMY  OF  SOENCES 
Balance  Sheet— Continued 
Aa  oi  Octobar  31,  1953 


LIABILITIES  AND  FUNDS 

Accounts  payable 

Mortgage  on  real  estate  and  accrued 
interest  at  rate  of  4>A%  (payable 
$3,750.00  quarterly,  for  principal  and 
interest,  and  balance  due  November  1, 
1959) 

Members'  dues  unearned  for  calendar 
year  1953  ($18,595.98)  and  received 
in  advance  for  1954  ($1,56S00) 


Special  funds: 


Grant  s-in- aid 

New  York  Society  for  Electron 

$  15,964.71 

Micro  scopists  fund 

Contribution  for  Wenner-Gren  Foundation 

219.31 

prize 

1,000.00 

A.  Cressy  Morrison  prize  fund  -  income 

1,29^89 

George  Frederick  Kunz  prize  fund  •  income 

497.55 

Contributions  for  furniture  and  fixtures 

176. 15 

Auditorium  project  fund 

104.16 

Endowment  and  prize  funds  (see  note): 

John  James  Audubon  fund 

2,500.00 

Nathaniel  Lord  Britton  fund 

29,107.35 

Centennial  Endowment  fund 

7,934.00 

George  Frederick  Kunz  prize  fund 

1,000.00 

A.  Cressy  Morrison  prize  fund 

15,546.79 

John  Strong  Newberry  fund 

1,000.00 

Publication  fund 

3,05^00 

George  Herbert  Sherwood  fund 

7,000.00 

Ralph  H.  Tower  Fund 

12,728.00 

Net  gain  on  sale  of  investments 

2,236.59 

Building  fund: 

Balance  as  of  October  31,  1952 

Cost  of  equipment  purchased  by 

282,592.94 

General  fund 

12,609.47 

Balance  as  of  October  31,  1953 

General  fund  deficit,  per  accompanying 
statement 

Transfers  between  funds: 

Indebtedness  of  General,  Endowment,  and 
Building  funds  to  Special  funds 


$  19,076.76 

176,956.05 

20,160.98 


19,254.77 


82,104.73 

295,20Z41 

(9,451.55) 

603,304. 15 

6,025. 18 
$609,329.33 
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THE  NEW  YORK  ACADEMY  OF  SCIENCES 

Statement  of  Income  and  Expenses  and  General  Fund  Deficit 
For  the  Year  ended  October  31,  1953 


Income: 

Membership  dues  $105,995.38 

Sales  of  publications  34,093.89 

Contributions-in-aid  10,876.32 

Contributions  -  use  of  building  facilities  18,235.26 

Contributions  to  general  and  building  funds  4,613.45 

Income  from  securities  of  endowment  and  building 

funds  (see  note  to  balance  sheet)  6,068.78 


Expenses; 

Publication  costs  (including  salaries  and 
expenses  of  printing  division) 

Distribution  of  publications 
Postage 

Conferences  and  sectional  meeting  expenses 
Building  expenses  -  use  of  facilities 
Building  operating  salaries  and  expenses 
Executive  salaries  and  expenses 
Editorial  staff  -  salaries  and  expenses 
Membership  expansion  -  salaries  and  expenses 
Public  relations  •  salaries  and  expenses 
Annual  dinner  and  meeting  expenses 
Telephone 

Accounting  and  legal  fees 
Insurance 

Interest  on  mortgage 

Accounting  salaries  and  expenses 

General  office  salaries  and  expenses 


179,883.08 


$51,713.77 

12,006.69 

9.729.84 

7.381.37 
13,96^65 
24,662.45 

9,459.05 

6.139.84 
8,855.64 
3,883.92 

659.60 
1, 289.83 
601.00 
813.76 
8,047. 16 

6.633.38 
5,417.89^ 


171,257.84 


Excess  of  income  over  expenses 
General  fund  deficit  as  of  October  31,  1952 
Cost  of  equipment  purchased  for  building  fund 


8,62&24 

5,467.32 

12,609.47  18,076.79 


General  fund  deficit  as  of  October  31,  1953 


$  9,451.55 


AWARDS  OF  PRIZES 


(1)  The  A.  Creasy  Morrison  Prizes  in  Natural 
Science,  After  careful  consideration  and  com¬ 
parison  of  the  eligible  papers  presented  in  com¬ 
petition  this  year,  the  Committee  unanimously 
awards  the  prizes  as  follows: 

A  prize  of  $300  to  the  paper  entitled  "A  Gen¬ 
eral  Theory  of  Association"  by  Robert  Ginell, 
Department  of  Chemistry,  Brooklyn  College, 
Brooklyn,  New  York. 

A  prize  of  $300  to  the  paper  entitled  **On  the 
Development  and  Reproduction  of  the  Anthomedu- 
san,  Margelopsi s  haeckeli  Hartlaub"by  Bernhard 
Werner,  Helgoland  Biological  Institute,  List  a. 
Sylt  Research  Institute  of  the  Federation  of 
Fisheries,  Helgoland,  Germany. 

(2)  The  George  Frederick  Ktmz  Prize  in  Ge¬ 
ology  and  Mineralogy,  The  Committee  awards 


this  prizeof  $300  to  the  paper  entitled  "Seismic 
Study  of  Crustal  Structure  in  Pennsylvania  and 
New  York"  by  Samuel  Katz,  Menlo  Park,  Cal. 

(3)  The  Boris  Pregel  Prize  in  the  Field  ot 
Natural  Radioactive  Substances,  After  careful 
consideration  and  after  consultation  with  ex¬ 
perts  in  the  field,  the  Committee  unanimously 
awards  this  prize  to  the  paper  entitled  **Radio- 
genic  Origin  of  the  Helium  Isotopes  in  Rock" 
by  Philip  Morrison  and  Jerome  Pine  of  Cornell 
University,  Ithaca,  New  York. 

(4)  The  Wenner-Gren  Foundation  Prize  oi  The 
New  York  Academy  ol  Sciences,  No  paper  com¬ 
pletely  fulfilling  the  conditions  for  this  prize 
competition  having  been  presented  to  the  Acade¬ 
my  during  1953,  the  Committee  on  Prizes  makes 
no  award  of  this  prize  at  this  time. 
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ELECTION  OF  FELLOWS  AND  HONORARY  LIFE  MEMBERS 


The  following  Members  were  elected  to  Fel¬ 
lowship: 

Aberle,  David  F.,  Ph.D. 

Barker,  Joeeph  W.,  D.Sc. 

Bennett,  George  K,,  Ph.O. 

Bieeele,  John  J.,  Ph.D. 

Bougerolle,  Albert,  Ph.D. 

Brillouln,  Leon,  Ph.D. 

Croft,  Huber  Ogilvle,  B.S. 
da  Costa,  Oscar  Machado 
Day,  Emerson,  M.D. 
de  Greiff  Bravo,  Luis 
Dorr,  John  Van  Nostrand,  D.Sc. 

Dunning,  Wilhelmina  F.,  Ph.D. 

Earle,  Wilton  R.,  Ph.D. 

Gladwin,  Thomas,  B.A. 

Goldfrank,  Esther  S.,  B.A. 

Harris,  Jack,  B.S. 

Hartman,  Carl  G.,  Ph.D. 

Hoopingamer,  N.  L.,  Ph.D. 

Hotchkiss,  John  G. 

Keller,  Fred  S.,  Ph.D. 

Landgraf,  John  L.,  Ph.D, 

Lands,  Alonso  M.,  Ph.D. 

Lasker,  Edward 


Lao,  Brother  Amandus 
Martin,  Gustav  J.,  D.Sc. 

Murphy,  Gardner,  Ph.D. 

Papanicolaou,  George  N.,  M.D. 

Reyniers,  Jamea  A.,  M.D. 

Sands,  Harry,  Ph.Q 
Sivel,  Wenceslas  Joseph 
Smith,  Emil  L.,  Ph.D. 

Sollnar,  Kart,  Ph.D. 

Taylor,  Howtffd  C.,  Jr.,  M.D. 

Twombly,  Gray  H.,  M.D. 

Van  Burkalow,  Anastasia,  Ph.D. 

ViUat,  Henri,  D.Sc. 

Wood,  Walter  Abbott 

Honorary  Life  Membership  was  conferred  upon 
the  following  eminent  scientists: 

Adolf  Friedrich  Johann  Butenandt,  Director  of  the  In¬ 
stitute  of  Physiological  Chemistry,  University  of 
Tubingen,  Tubingen,  Germany. 

Christopher  Kelk  Ingold,  Director  of  the  Chemistry 
Laboratory,  University  of  London,  London,  England. 
A.  R.  Rad  cliff  e-Brown,  Professor- Emeritus,  Osford 
University,  Oxford,  England. 


ELECTION  OF  OFFICERS 


Report  of  the  Tetters.  The  Tellers  appointed 
by  the  President  to  count  the  ballots  for  the 
Ejected  Officers  and  other  Members  of  the  Coun¬ 
cil  to  serve  for  the  year  1954  are  pleased  to  re¬ 
port  that,  by  the  961  ballots  returned  from  the 
Membership,  the  official  slate,  as  nominated  by 
the  Council,  was  overwhelmingly  elected. 

The  list  thus  chosen  by  the  Membership  of 
the  Academy  for  the  year  1954  is  as  follows: 

President 
Paul  Fejos 

President-Etect 
Maurice  L.  Tainter 

Vice-Presidents 

Elmore  H.  northey  John  Tee-Van 

Corresponding  Secretary 
JUNIUS  Bird 

Recording  Secretary 
Ross  F.  NIGRELLI 


Treasurer 

Donald  m.  Benjamin 
Editor 

Roy  Waldo  miner 

Councitors  (1954-1956) 

JOHN  M.  Converse  b.  m.  Duggar 

Randolph  T.  Major  Abraham  Slavin 

Finance  Committee 
HARDEN  F.  Taylor,  Chairman 
Gordon  Y.  Billard  Robert  F.  Light 

Chairmen  of  Sections 

Thomas  N.  Walthier  M.  J.  Kopac 

N.  L.  HOOPINGARNER  WM.  L.  THOMAS,  JR. 
Cecil  V.  King  Ernest  J.  Christie 

Sebastian  B.  Littauer 

Chairman  of  Division 
Samuel  M.  Peck 
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PRESENTATION  OF  QTATIONS 
ON  BEHALF  OF  THE  CONSULAR  LAW  SOCIETY 

By  BERNARD  A.  GROSSMAN 

Pnmidant 


President  Steinman,  Members  of  The  New 
York  Academy  of  Sciences,  and  their  guests: 

These  agreeable  surroundings  feel  like 
home  to  me.  1  have  been  part  of  them  since 
they  first  housed  the  Academy. 

Over  those  years,  and  for  many  years 
prior  thereto,  the  Academy  has  been  a  light, 
showing  things  as  they  are,  and  indicating 
things  to  come,  heartening  men  in  science 
in  all  parts  of  the  world,  €Uid  inspiring  them 
to  know  and  understand  their  fields. 

Those  who  have  qualified  in  their  fields 
the  Academy  has  honored  with  the  Degree 
of  Fellowship,  an  honorary  award  that  has 
become  a  mark  of  distinction. 

That  is  only  one  side  of  the  story— the 
part  dealing  with  “blessed is  he  who  gives.** 

I  have  the  honor  to  come  here  tonight  on 
the  other  side  of  recognition,  as  the  repre¬ 
sentative  of  the  Consular  Law  Society, 
whose  members,  in  their  specialized  fields, 
represent  the  family  of  nations,  and  who 
have  seen  something  of  the  impact  of  The 
New  York  Academy  of  Sciences  across  the 
world.  While  it  is  traditional  for  the  Acade¬ 
my  to  give  recognition  to  others,  yet,  to¬ 
night,  we  would  like  it  to  receive  the  recog¬ 
nition  which  I  have  come  here  to  express 
on  behalf  of  the  Consular  Law  Society.  It 
is  in  the  form  of  a  Citation,  and  reads  as 
follows: 

CITATION  TO  THE  NEW  YORK 
ACADEMY  OF  SCIENCES 

The  Consul arLaw  Society  takes  great  pleasure 
in  presenting  this  citation  to  The  New  York' 
Academy  of  Sciences  as  a  noteworthy  institu¬ 
tion  unique  in  fulfilling  its  stated  and  progres¬ 
sive  aims  of  fostering  a  generous  exchange  of 
the  results  of  scientific  research  between  in¬ 
vestigators  both  nationally  and  internationally; 
it  has  become  preeminently  successful  in  the 
establishment  of  strong  cordial  relationships 
between  scientists  of  many  countries  and  Ute 
Unit^  States  through  their  mutual  participation 
in  its' many  activities,  including  its  conferences 


and  other  meetings;  by  the  high  standard  a- 
chieved  in  its  publications  and  their  internation¬ 
al  circulation.  It  has  g^ven  Qie  scientific  world 
a  greater  facility  for  the  exchange  of  the  most 
recent  and  most  pertinent  data  in  the  embodi¬ 
ment  of  such  scientific  investigations  in  its 
outstanding  monographs;  and  in  serving  as  a 
Science  Center  in  New  York  City,  it  has  en¬ 
couraged  the  growth  and  expansion  of  many  cog¬ 
nate  societies  by  generously  making  its  accom¬ 
modations  and  services  readily  available  to 
such  organizations,  the  most  recent  of  which  is 
the  new  International  Research  Center  of  the 
Cooperative  Research  Foundation. 

PERSONAL  OTATIONS 

Since,  during  its  years  of  service  in  its  field, 
the  Academy  has  achieved  itsobjectives  through 
many,  many  individuals,  necessarily  too  numer¬ 
ous  for  detailed  mention,  we,  of  the  Consular 
Law  Society,  have  perforce,  been  seriously  taxed 
to  select  from  amongst  them,  for  personal  cita¬ 
tion  and  Honorary  Fellowship,  representative 
men  and  women  v^o  have  guided  Ae  Academy 
in  its  growth  and  achievements.  From  amongst 
sudh,  however,  for  especial  attention  at  this 
time,  the  Consi^ar  Law  Society  salutes: 

Doctors  Charles  Peter  Beikey,  Moses  Laverock 
Crossley,  William  King  Gregory,  Eunice  Thomas 
Minor,  Roy  Waldo  Miner,  George  B.  Pegram, 
Boris  Pregel,  David  B.  Steinman,  Horace  W. 
Stunkard,  Harden  F.  Taylor. 

Citation  to  Doctor  Charles  Peter  Berkey 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  Charles  Peter 
Berkey,  Professor  and  Executive  Officer  Emer¬ 
itus  of  Geoiog^y  and  Mineralog^y  in  Columbia 
University,  Doctor  of  Philosophy,  Doctor  of 
Scimce,  President  of  The  New  York  Academy 
of  Sciences  1928  and  1929,  in  recognition  of  his 
international  standing  as  a  geologist  without 
equal,  as  an  inspirer  and  teacher  of  many  gener¬ 
ations  of  geologists  and  mineralogists  and  as  a 
special  geologist  for  many  engineering  and  geo¬ 
logical  projects,  such  as:  New  York  Geological 
Survey;  Board  of  Water  Supply,  New  York;  Metro¬ 
politan  District  Water  Supply  Commission,  Mas¬ 
sachusetts;  Port  of  New  York  Authority;  Tri- 
borough  Bridge  Authority;  United  States  Colorado 
River  Board;  consulting  board.  Department  of 
Public  Works,  California;  Department  of  Water 
and  Power,  Los  Angeles;  Bonneville  Dam,  U.  S. 
War  Department;  and  United  States  Bureau  of 
Reclamation,  Tennesee  Valley  Authority. 

Doctor  Berkey  played  a  prominent  part  in  fur¬ 
thering  and  directing  the  Academy's  Biological 
Survey  of  Puerto  Rico  and  the  Virgin  Islands, 
the  only  complete  scientific  survey  made  to 
date  of  a  circumscribed  area. 
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Citation  to  Doctor  Moaea  Laverock  Croaatey 

The  Consular  Law  Society  takes  great  pleas* 
urein  presenting  this  citation  to  Moses  Laverock 
Crossley,  former  Director  of  Research,  Calco 
Chemical  Division,  American  Cyanamid  Com¬ 
pany,  Doctor  of  Philosophy,  Doctor  of  Science, 
President  of  The  New  York  Academy  of  Sciences, 
1951,  in  recognition  of  his  outstanding  reputa¬ 
tion  as  a  former  professor  of  chemistry,  and  es¬ 
pecially  for  his  great  research  contributions  to 
the  American  dye  industry  and  important  phar- 
maceutical  discoveries. 

Doctor  Crossley's  decisive  leadership  and 
ability  as  a  scholar  and  parliamentarian  have 
aided  greatly  in  the  recent  development  of  the 
Academy  and  in  the  important  revision  of  its 
Constitution  and  Bylaws. 

Citation  to  Doctor  William  King  Gregory 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  William  King 
Gregory,  Curator  Emeritus  of  the  Departments 
of  Comparative  Anatomy  and  Ichthyology,  Ameri¬ 
can  Museum  of  Natural  History;  Professor  Emer¬ 
itus  of  Paleontology  in  Columbia  University; 
Doctor  of  Philosophy,  Doctor  of  Science;  Presi¬ 
dent  of  The  New  York  Academy  of  Sciences, 
1932  and  1933,  in  recognition  of  his  eminence 
as  a  paleontologist,  comparative  anatomist,  and 
ichthyologist,  a  prominent  and  effective  teacher 
and  author  of  many  noted  scientific  works  on 
the  evolution  of  vertebrates  from  fishes  to  man. 

Doctor  Gregory’s  deep  knowledge  of  science 
and  philosophy  has  contributed  much  in  the 
councils  of  the  Academy. 

Citation  to  Eunice  Thomaa  Miner 

The  Consular  Law  Society  takes  pleasure  in 
presenting  this  citation  to  Eunice  Thomas  Miner, 
Executive  Director,  The  New  York  Academy  of 
Sciences,  who  by  her  devoted  and  intelligent 
attention  to  the  affairs  of  the  Academy,  and  by 
her  temperament  and  courtesy  has  been  the  leav¬ 
en  in  the  inqiact  of  the  Academy  in  its  fields 
of  activity. 

Citation  to  Doctor  Roy  Waldo  Miner 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  Roy  Waldo 
Miner,  Curator  Emeritus  of  Living  Invertebrates, 
American  Museum  of  Natural  History,  Doctor  of 
Philosophy,  Doctor  of  Science,  President  of  The 
New  York  Academy  of  Sciences,  1940  and  1941, 
in  recognition  of  his  international  eminence  as 
a  biologist,  comparative  anatomist  and  marine 
soologist.  Because  he  is  profound  in  knowledge 
and  greatly  beloved  for  his  wisdom  and  under¬ 
standing  in  dealing  with  his  fellow  men,  he 
idealizes  for  us  the  true  scholar  and  gentleman. 

Doctor  Miner’s  services  to  the  Academy  can¬ 
not  be  ade«iuately  measured  both  in  his  many 
years  of  tireless  active  cooperation  on  the  Coun¬ 
cil  and  as  Editor  of  the  Academy’s  publications. 


Citation  to  Doctor  George  B.  Pegram 

The  Consular  Law  Society,  previously,  at 
ceremonies  this  year,  at  The  New  York  Academy 
of  Sciences,  has  presented  its  Certificate  of 
Merit  and  Citation  to  Doctor  George  B.  Pegram, 
a  Past  President  of  the  Academy,  whose  talents 
and  humanity  make  one  feel  honored  to  belong, 
with  him,  to  the  human  race. 

Citation  to  Doctor  Boria  Pregel 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  Boris  Pregel, 
President  Canadian  Uranium  and  Radium  Corpor¬ 
ation,  Mechanical  Engineer,  Electrical  Engineer, 
Doctor  of  Engineering,  Doctor  of  Science,  Coun¬ 
cilor  in  The  New  York  Academy  of  Sciences,  in 
recognition  of  his  international  reputation  as  an 
engineer,  scholar,  musician  and  as  a  business 
man  whose  vision,  originality  and  daring  has 
brought  into  reality  a  value  and  use  of  radio¬ 
active  substances  affecting  not  only  the  deci¬ 
sions  of  all  nations  of  the  world,  of  industry  and 
of  human  welfare,  but  of  transforming  with  in¬ 
spiring  benefits  future  industry  and  science. 

Doctor  Pregel’s  extremely  cooperative  efforts, 
effective  insight  and  practical  advice  have  been 
most  valuable  in  the  recent  developments  of  the 
Academy. 

Citation  to  Doctor  David  B.  Steinman 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  David  B. 
Steinman,  outstanding  Consulting  Engineer,  and 
the  world’s  most  noted  Bridge  Designer  and 
Bridge  Engineer,  Civil  Engineer,  Doctor  of 
Philosophy,  Doctor  of  Science,  President  of  The 
New  York  Academy  of  Sciences,  1953,  and  au¬ 
thor  of  many  books  on  Bridge  ^lilding,  in  rec¬ 
ognition  of  his  famous  and  important  part  in  de¬ 
signing  and  constructing  many  of  the  world’s 
most  beautiful  and  famous  bridges,  including, 
among  others:  Florianopolis  Bridge  in  Brazil 
(largest  bridge  in  Soutfi  America);  Carquinez 
Strait  Bridge,  California  (largest  cantilever 
bridge  in  the  United  States);  St.  John’s  Bridge, 
Portland,  Ore.  (largest  andiiighest  span  in  the 
Northwest);  Sydney '  Harbor  Bridge,  Australia; 
Mt.  Hope,  R.  L,  Bridge  (largest  bridge  in  New 
England);  Tri- Borough  and  Henry  Hudson  Bridges, 
New  York  City;  Thousand  Islands  International 
Bridge  (five  bridges);  Deer  Island  Bridge,  Maine; 
Charter  Oak  Bridge,  Hartford,  Conn.;  and  many 
others  on  five  continents.  He  was  also  the  mod¬ 
ernizer  of  the  Brooklyn  Bridge  and  inventor  of 
new  influence  line  methods  and  charts  for  de¬ 
sign  of  railway  bridges;  of  improvements  in  sus¬ 
pension  bridge  design,  and  of  a  new  system  of 
design  loading  for  railway  bridges.  Doctor 
Steinman’s  inclusion  of  exquisite  beauty  in  the 
design  of  these  great  bridges  of  the  world  is 
especially  noteworthy. 

Doctor  Steinman,  during  this  year  of  his 
presidency,  has  continued  with  success  the  pro¬ 
gressive  program  of  activities  and  expansion  of 
the  Academy. 
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Citation  to  Doctor  Horace  W.  Stunk ard 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  Horace  W. 
Stunkard,  Professor  and  Head  of  the  Department 
of  Biology,  New  York  University,  Doctor  of  Phi¬ 
losophy,  Doctor  of  Science,  President  of  The 
New  York  Academy  of  Sciences,  1937  and  1942, 
in  recognition  of  his  international  reputation  as 
a  parasitoloEpst;  investigator  of  the  life  histo¬ 
ries  of  the  blood  parasites  in  furthering  the 
knowledge  of  many  blood  diseases  thus  con¬ 
tributing  to  human  welfare,  an  eminent  teacher 
and  demonstrator. 

As  a  member  and  officerof  the  Academy  since 
1920,  Doctor  Stunkard  has  always  been  outstand¬ 
ing  for  his  responsible  efforts  and  constructive 
participation  in  the  important  affairs  of  the 
Academy. 


Citation  to  Doctor  Harden  F.  Taylor 

The  Consular  Law  Society  takes  great  pleas¬ 
ure  in  presenting  this  citation  to  Harden  F. 
Taylor,  former  President,  Atlantic  Coast  Fish¬ 
eries;  Research  Professor,  Institute  of  Fisheries 
Research  University  of  North  Carolina,  and 
Scientific  Director,  North  Carolina  Marine  Bio¬ 
logical  Survey,  Doctor  of  Science,  President  of 
The  New  York  Academy  of  Sciences,  1947  and 
1948,  in  recognition  of  his  world  renown  in  the 
determination  of  Vitamin  A;  technology  and  bi¬ 
ology  of  fisheries,  including  the  perfection  of 
pearl  essence. 

Doctor  Taylor’s  great  insight  and  belief  inthe 
future  potential  of  the  Academy,  together  with 
his  constructive  leadership  and  advice  have 
been  important  factors  in  the  present-day  g^rowth 
and  development  of  the  Academy. 


PROGRAM  OF  THE  EVENING 


After  the  Business  Meeting  the  following  pro¬ 
gram  was  gpVen: 

Bridges  and  Aerodynamics.  David  B.  Steinman, 


Retiring  President,  The  New  York  Academy  of 
Sciences. 

The  Origin  and  Evolution  of  Galaxies.  G.  Gamow, 
George  Washington  University.  Washington,  D.C 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


125 


BRIDGES  AND  AERODYNAMICS 

By  DAVID  B.  STEINMAN 

Retiring  President,  The  New  York  Academy 
of  Sciences 

Introduction 

On  November  7,  1940,  the  engineering 
profession  was  startled  by  the  Tacoma  Nar^ 
lows  Bridge  catastrophe.  Four  months  after 
its  completion,  the  slender  2800-foot  span 
(the  third  longest  in  the  world)  was  de¬ 
stroyed  by  cumulative  amplification  of  os¬ 
cillations  in  a  mild  gale.  (See  figures  1 
and  2.) 

The  phenomenon  was  not  new,  but  had 
been  forgotten  by  the  profession.  A  century 
earlier,  bridge  after  bridge  had  been  simi¬ 
larly  wrecked  by  wind  action,  notably  the 
Brighton  Chain  Pier  in  England  in  1836, 
the  Wheeling  Bridge  over  the  Ohio  River  in 
1854,  the  Lewiston-Queenston  Bridge  over 
the  Niagara  River  in  1864,  and  the  Niagara- 
Clifton  Bridge  at  Niagara  Falls  in  1889. 
John  A.  Roebling  (1806-1869)  taught  the 
profession  the  importance  of  adequate  stif¬ 
fening  of  suspension  spans.  His  bridges 
stood  up  while  those  built  by  his  contem¬ 
poraries  were  wrecked  by  the  wind.  But  a 
later  generation  of  engineers,  forgetting  the 
lesson  of  the  past,  began  to  preach  the  vir¬ 
tues  of  flexibility  without  recalling  its 
hazards.  This  reversal  of  trend  reached  its 
climax  in  the  ill-fated  T acoma  span. 

In  fact,  some  twenty  known  bridges  com¬ 
pleted  since  1930,  have  been  subject  to 
disturbing  or  dangerous  aerodynamic  oscil¬ 
lations,  and  some  of  them  have  required  the 
application  of  corrective  measures  to  make 
them  safe.  In  1945,  a  contract  of  over 
$1,300,000  was  let  for  additional  stiffening 
and  correction  of  the  2300-foot  span  of  the 
Bronx-Whitestone  Bridge.  The  3500-foot 
span  of  the  George  Washington  Bridge  has 
had  aerodynamic  oscillation  amplitudes  as 
high  as  five  or  six  feet,  according  to  of¬ 
ficial  admission.  The  Golden  Gate  Bridge, 
with  the  world's  longest  span  of  4200  feet. 


has  suffer^  dangerous  aerodynamic  oscil¬ 
lations  so  that,  in  1953,  a  contract  for 
$3,500,000  was  let  for  stiffening  the  struc¬ 
ture  agsinst  aerodynamic  action. 

Commencing  his  intensive  studies  in 
1938,  two  years  before  the  Tacoma  Bridge 
failure,  the  writer  recognized  that  a  com¬ 
plete,  scientific  solution  of  this  challenging 
problem  was  urgently  needed.  The  complete 
solution  had  to  be  one  that  would  enable 
engineers  to  predict,  prescribe,  and  design; 
so  as  to  provide  assured  safety  of  existing 
and  future  structures  without  extravagant 
design  or  clumsy  proportions,  and  without 
requiting  repeated  recourse  to  costly  and 
time-consuming  large-scale  model  tests  for 
every  preliminary  design  study. 

The  Aerodynamic  Problem 

The  aerodynamic  action  of  wind  is  some¬ 
thing  new  in  the  thinking  and  science  of 
bridge  engineers.  Their  prior  thinking  (since 
the  failure  of  the  Tay  Bridge  in  Scotland 
in  1879)  had  been  limited  to  the  aerostatic 
action  of  wind. 

On  July  29,  1944,  another  bridge  disaster 
occurred.  A  two-span  continuous  truss 
bridge  (FIGURE  3)  over  the  Mississippi 
River  at  Chester,  Illinois  was  blown  off  its 
piers  by  the  wind. 

The  failure  of  the  Tacoma  Narrows  Bridge 
dramatically  exemplified  the  aerodynamic 
effect  of  wind,  while  the  Chester  Bridge 
failure  exemplified  the  aerostatic  effect. 
The  two  are  related;  and  both  disasters  had 
their  lessons  for  the  profession. 

Since  the  Tay  Bridge  disaster  in  1879, 
bridges  have  been  designed  for  the  horizon¬ 
tal  pressure  of  wind.  But  bridge  specifica¬ 
tions  and  textbooks  made  no  mention 
of  wind  uplift.  Aeronautic  engineers,  of 
course,  knew  the  significance  of  the  verti¬ 
cal  component,  or  lift;  but  the  bridge  en¬ 
gineer  continued  to  work  in  a  separate  in¬ 
sulated  compartment  of  technical  knowledge. 

The  Tacoma  failure  should  have  directed 
the  attention  of  bridge  engineers  to  the  sig¬ 
nificance  of  the  vertical  component  of  hori- 
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zontal  wind  pressure.  In  1941  (in  a  pub¬ 
lished  discussion  a  year  before  the  Chester 
Bridge  was  built),  the  writer  called  atten¬ 
tion  to  the  fact  that  wind  uplift  on  a  bridge 
may  amount  to  three  or  four  times  the  hori¬ 
zontal  pressure,  but  that  fact  was  over¬ 
looked  by  the  designers  of  the  Chester 
Bridge. 

The  aerostatic  problem,  as  exemplified 
by  the  Chester  Bridge  failure,  is  compara¬ 
tively  simple  and  elementary.  The  aero¬ 
dynamic  problem,  as  exemplified  by  the 
Tacoma  Bridge  failure  and  by  the  alarming 
oscillations  of  other  suspension  bridges,  is 
one  of  much  greater  difficulty  and  complex¬ 
ity.  The  writer  has  devoted  fifteen  years  of 
his  professional  life  (1938  to  1953)  to  the 
solution  of  this  problem.  It  has  required 
the  creation  of  a  new  science  combining 
the  essentials  of  three  different  fields  of 
specialized  knowledge— the  deflection  the¬ 
ory  of  suspension  bridges,  the  science  of 
aerodynamics,  and  the  mathematical  theory 
of  vibration  analysis.  Even  existing  knowl¬ 
edge  in  aerodynamics  proved  inadequate, 
necessitating  new  research,  new  invention, 
and  creative  mathematical  analysis. 

Aerodynamic  Instability 

The  Tacoma  Bridge  was  adequately  safe 
for  all  of  the  loads  and  forces  for  which  it 
had  been  designed,  namely  dead  load,  live 
load,  temperature,  and  the  static  effect  of 
wind  load.  It  had  not  been  designed,  how¬ 
ever,  for  the  aerodynamic  effect  of  wind 
load.  By  aerodynamic  effect,  we  mean  the 
effect  of  a  steady  wind,  acting  on  a  flexible 
structure  of  conventional  cross-section,  to 
produce  a  fluctuating  resultant  force  auto¬ 
matically  synchronizing  in  timing  and  direc¬ 
tion  with  the  harmonic  motions  of  the  struc¬ 
ture  so  as  to  cause  a  progressive  amplifi¬ 
cation  of  those  motions  to  dangerous  or 
destructive  amplitudes. 

On  the  morning  of  the  Tacoma  failure, 
the  gale  of  35  to  42  miles  an  hour  meant  a 
wind  pressure  of  little  more  than  five 
pounds  per  square  foot  of  vertical  surface. 


The  bridge  had  been  designed  for  a  wind 
pressure  of  fifty  pounds  per  square  foot  and 
was  structurally  safe  for  a  static  wind  load 
of  fifty  pounds  per  square  foot.  It  was  de¬ 
stroyed,  however,  by  the  cumulative  dynam¬ 
ic  effect  of  the  vertical  components  pro¬ 
duced  by  a  horizontal  wind  pressure  of  five 
pounds  per  square  foot. 

Thus  the  Tacoma  span  was  the  victim  of 
its  extreme  flexibility  and  of  the  vulnera¬ 
bility  of  its  cross-section  to  the  creation 
of  resultant  wind  forces  producing  cumula¬ 
tive  amplification  of  oscillations.  This 
combination  constitutes  aerodynamic  in¬ 
stability. 

Two  Directions  of  Solution 

Since  aerodynamic  vulnerability  is  pro¬ 
duced  by  a  combination  of  two  factors,  the 
flexibility  of  the  span  and  the  inherent  aer¬ 
odynamic  instability  of  the  cross-section, 
there  are  two  directions  of  solution  of  the 
problem.  One  is  by  increasing  the  rigidity 
of  the  span,  both  vertical  and  torsional;  and 
the  other  is  by  using  an  aerodynamically 
stable  cross-section.  The  two  methods  may 
be  combined  in  varying  degrees.  The  writer 
has  developed  the  mathematical  analysis, 
test  procedures  and  data,  criteria  and  spec¬ 
ifications  covering  both  methods  of  solution 
and  their  combination. 

The  obvious  and  elementary  method  is 
merely  to  provide  high  rigidity  in  the  de¬ 
sign  and  proportions  of  the  structure.  To 
do  this  without  consideration  of  the  aero¬ 
dynamic  characteristics  of  the  cross-section 
is  wasteful  and  unscientific;  such  procedure 
results  in  needlessly  costly  and  clumsy 
designs. 

Attacking  the  problem  from  the  other  end, 
that  is,  scientifically  eliminating  the  cause 
instead  of  mechanically  resisting  the  ef¬ 
fect,  we  have  now  found  that  certain  shapes 
and  proportions  of  sections  minimize  or 
eradicate  the  potential  'aerodynamic  action 
and  we  have  demonstrated  that  cross-sec¬ 
tions  can  be  designed  that  will  yield  as¬ 
sured  aerodynamic  stability,  at  all  wind 
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velocities,  even  in  the  longest  spans. 

A  most  promising  field  for  further  re¬ 
search  has  been  opened.  A  new  science 
has  been  created. 

Prevention  and  Cure  of 
Aerodynamic  Instability 

The  Tacoma  Bridge  disaster  has  awak¬ 
ened  the  profession  to  one  important  les¬ 
son:  Designers  of  suspension  bridges  must 
henceforth  give  consideration  to  the  aero¬ 
dynamic  stability  of  their  structures. 

In  1845,  Charles  Ellet,  applying  for  the 
job  of  spanning  Niagara,  wrote:  “There  are 
no  safer  bridges  than  those  of  the  suspen¬ 
sion  principle  if  built  understand! ngly,  and 
none  more  dangerous  if  constructed  with  an 
imperfect  knowledge  of  the  principles  of 
their  equilibrium.”  These  words  summarize 
an  enduring  truth;  but  Ellet  did  not  realize 
their  full  import,  or  their  prophetic  nature. 
Nine  years  later,  his  proud  span  over  the 
Ohio  at  Wheeling  wrecked  itself  by  cumu¬ 
lative  aerodynamic  oscillations. 

Jonn  A.  Roebling,  in  his  writings  and  in 
his  work  (1840-1869),  was  the  first  bridge- 
builder  to  recognize  the  problem  of  aero¬ 
dynamic  stability.  Without  the  benefit  of 
modem  scientific  and  mathematical  knowl¬ 
edge,  but  with  intuitive  perception,  he  built 
his  spans  with  special  provisions  to  stiffen 
them  and  make  them  aerodynamically  safe; 
but  subsequently,  for  three-quarters  of  a 
century,  this  phase  of  the  bridge  engineer's 
problem  completely  dropped  from  sight.  We 
now  have  had  to  pick  up  the  problem  where 
Roebling  left  it  and,  with  far  more  mathe¬ 
matics  and  science  than  he  had  available, 
to  carry  the  solution  to  maximum  complete¬ 
ness  and  practical  applicability.  It  is  of 
course  easy,  especially  in  the  shorter 
spans,  to  assure  aerodynamic  safety  by 
generous  stiffening,  disregarding  economy 
and  appearance.  The  real  problem,  however, 
is  to  assure  aerodynamic  stability  without 
wasting  material  on  excessive  stiffness 
and  without  sacrificing  artistic  proportions. 

The  principal  lines  of  attack  for  securing 


or  improving  aerodynamic  stability  are  the 
following: 

1.  To  augment  the  rigidity  of  the  stracture. 

2.  To  augment  the  positive  damping. 

3.  To  modify  the  cross-section. 

For  resistance  to  aerodynamic  effects, 
the  most  significant  constants  of  the  struc¬ 
ture  are  the  coefficient  of  rigidity  K  and 
the  stiffening  ratio  R  (the  ratio  of  the  con¬ 
tribution  of  the  stiffening  elements— trusses, 
girders,  stays,  etc.,— to  the  total  rigidity). 
The  magnitude  of  R  largely  determines  the 
structural  damping. 

Methods  of  Augmenting 
Rigidity  and  Damping 

Almost  any  method  of  increasing  rigidity 
is  also  directly  effective  in  augmenting 
structural  damping.  Rigidity  and  structural 
damping  to  resist  potential  aerodynamic 
instability,  both  vertical  and  torsional,  may 
be  augmented,  in  precalculated  amounts,  by 
using:  deeper  stiffening  girders  or  trusses; 
cable  stays  (FIGURE  4);  tower  stays,  cen¬ 
ter  stays  (figure  5),  and  intermediate 
stays  (figure  6);  continuous  construction; 
and  straight  backstays.  In  addition,  rigidity 
and  structural  damping  to  resist  potential 
torsional  instability  may  be  augmented  in 
precalculated  amounts  by:  using  transverse 
diagonal  stays  (FIGURE  7);  installing  a 
double  (top  and  bottom)  system  of  lateral 
bracing;  increasing  the  torsional  stiffness 
of  the  towers;  raising  the  points  of  sus¬ 
pender  connection;  and  lowering  the  center 
of  gravity  of  the  section  (for  example,  by 
using  through  construction). 

Aerodynamic  instability  is  proportional 
to  VB/K,  where  B  is  a  width  factor  (b’/w), 
a  reduced  form  of  the  dimensionless  den¬ 
sity-mass  ratio  (pb^/m).  The  value  of  B  is 
fairly  constant  for  most  suspension  bridges. 
For  wide  bridges,  of  normal  or  reduced 
weight  per  square  foot,  the  value  of  B  is 
higher,  even  doubled,  as  in  the  Bronx- 
Whitestone  Bridge,  thereby  adding  41  per 
cent  to  the  instability.  Contrary  to  popular 
misconception  (perhaps  suggested  by  the 
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name  of  the  bridge  and  fostered  by  hasty 
erroneous  conclusions  in  the  initial  official 
report),  the  narrowness  of  the  Tacoma  Nar^ 
rows  Bridge  (1940)  was  not  the  cause  of  its 
failure.  If  the  bridge  had  been  wider,  it 
would  have  been  more  vulnerable  to  aero¬ 
dynamic  action  with  more  rapid  amplifica¬ 
tion  and  greater  amplitudes  and  its  insta¬ 
bility  would  have  been  more  difficult  to 
counteract  or  cure. 

What  did  prove  critical  in  the  Tacoma 
Bridge  was  the  vertical  slenderness  of  the 
span.  Instead  of  a  minimum  depth  of  1/lOOth 
of  the  span,  as  recommended  by  the  writer, 
the  stiffening  girders  of  the  Tacoma  Bridge 
were  made  only  8  feet  deep  in  a  span  of 
2800  feet,  or  only  l/350th  of  the  span!  The 
resulting  extreme  vertical  flexibility  was  a 
factor  in  the  failure. 

The  most  direct  and  elementary  method 
of  securing  adequate  rigidity  and  structural 
damping  is  by  providing  adequate  depth  of 
stiffening  trusses  or  girders.  Experience 
indicates  the  hazard  of  making  the  truss 
or  girder  depth  less  than  1/ 100th  of  the 
span,  unless  aerodynamic  stability  is  other¬ 
wise  assured.  A  more  accurate  guide  is 
provided  by  the  criteria  derived  and  pub¬ 
lished  by  the  writer. 

Effectiveness  of  Stays 

In  amplitudes  attainable,  magnitude  of 
kinetic  energy  accumulated,  and  structural 
strains  produced,  two-segment  (single-node, 
or  n  =  2)  torsional  oscillations  are  general¬ 
ly  the  most  dangerous  potential  manifesta¬ 
tion  of  aerodynamic  instability,  as  in  the 
case  of  the  Brighton  Chain  Pier  (1836)  and 
the  Tacoma  Bridge  (1940).  A  highly  effec¬ 
tive  method  of  preventing  or  resisting  such 
two-segment  torsional  oscillations  is  to 
provide  adequately  proportioned  center 
stays(FlGURE  5)  orother  equivalent  means 
of  preventing  relative  longitudinal  motion 
of  cable  and  suspended  structure  at  mid¬ 
span.  Such  center  stays  were  first  conceived 
and  applied  by  the  writer  on  three  suspen¬ 


sion  bridges  in  1938,  and  were  presented 
by  him  to  the  profession  at  that  time.  They 
were  then  promptly  copied,  without  the 
writer’s  knowledge,  by  the  designers  of  the 
Tacoma  Bridge  and  the  Bronx-Whitestone 
Bridge;  but  they  were  copied  wrong!  Be¬ 
cause  the  writer,  in  his  slides,  showed  a 
temporary  preliminary  installation  using 
wire  ropes  (until  rigid  angle  struts  could 
be  fabricated  and  installed),  the  designers 
of  the  other  bridges  promptly  designed 
their  center  stays  as  wire  ropes.  On  the 
Tacoma  Bridge,  the  wire  ropes  could  not 
stand  the  alternating'  strain  and  finally 
snapped  (on  the  morning  of  the  failure).  The 
center  stays  explain  why  the  Tacoma  span 
lasted  as  long  as  it  did.  The  dangerous 
two-segment  torsional  oscillations  were 
physically  prevented  as  long  as  the  center 
stays  and  their  connections  remained  in¬ 
tact.  The  final  failure  of  the  inadequate 
center  stays  permitted,  not  caused,  the 
catastrophic  oscillations  that  wrecked  the 
structure. 

Another  economical  method  is  to  use 
longitudinal  diagonal  stays,  inclined  in 
either  direction,  in  the  planes  of  the  cables 
(figure  8).  Such  stays  may  be  located 
either  above  or  below  the  roadway,  and  may 
have  their  points  of  attachment  to  points 
of  the  cable,  or  to  points  of  the  stiffening 
girder,  or  to  both.  Roebling  developed  and 
applied  this  concept  in  his  suspension 
bridges.  The  first  modem  application  was 
made  by  the  writer  on  three  suspension 
bridges  in  1938,  and  this  was  promptly  pre¬ 
sented  to  the  profession.  The  idea  was  ap¬ 
propriated  by  the  designers  of  the  Bronx- 
Whitestone  Bridge,  but  they  used  single 
stays  and  ran  them  in  the  wrong  direction, 
from  the  top  of  the  steel  towers  down  to 
the  roadway.  Stays  mnning  from  the  tower 
tops  were  effective  with  masonry  towers, 
as  in  the  monumental  Brooklyn  Bridge;  but 
such  stays  are  largely  ineffective  when 
the  towers  are  flexible;  the  stays  form  a 
three-point  system,  with  all  three  points 
moving  in  the  same  direction,  so  that  an- 
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Figure  t.  Catastrophic  aerodynamic  oadtlations  of  the  Tacoma  Narrows  Bridge.  Torsional  oscillations.  November  7,  1940.  Max¬ 
im  double  amplitude,  28  feet. 
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Figure  3-  continuous  tmas  bridge  over  the  WsslsBippi  River  at  Chester.  Illinois.  Destroyed  by  wind.  July  29.  1944. 
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chorage  is  canceled.  Moreover,  a  radiating 
isystem  of  stays  is  safer  than  an  equivalent 
single  stay,  because  any  single  point  of 
attachment  may  become  a  node  point  for 
some  mode  of  oscillation. 

.  For  maximum  effectiveness,  the  two  types 
or  directions  of  longitudinal  diagonal  stays 
may  be  combined  to  form  a  double  system. 
In  the  case  of  the  Tacoma  Bridge,  such  a 
double  system  near  each  end  of  the  span, 
as  calculated  by  the  writer,  would  have  in* 
creased  K  from  62  to  602,  at  the  same  time 
raising  the  value  of  R  from  0.015  to  the 
very  high  value  of  0.900.  This  would  have 
brought  the  aerodynamic  constants  of  the 
Tacoma  span  to  very  generously  safe  values. 

Shortly  after  the  Tacoma  Bridge  was 
opened  and  its  undulatory  behavior  was 
reported  in  technical  periodicals,  the  writer 
communicated  with  the  engineers  of  the 
Tacoma  span,  offering  to  make  his  inven¬ 
tions  and  discoveries  available.  They  re¬ 
plied  that  they  knew  all  about  it  and  that 
they  did  not  need  his  help.  Three  months 
later  the  Tacoma  span  was  wrecked  by  its 
oscillations. 

The  amazing  feature  of  the  catastrophe 
was  the  confidence  of  the  bridge  authorities 
in  the  safety  of  the  structure  and  their  fail¬ 
ure  to  apply  adequate  conective  measures  ' 
before  opening  the  bridge  to  traffic.  Even 
before  the  bridge  was  completed,  when  the 
forms  were  placed  for  concreting  the  road¬ 
way,  the  motions  of  the  span  were  so  vio¬ 
lent  that  the  bridgemen  working  on  the  steel¬ 
work  became  sea-sick.  From  the  day  of  its 
opening,  the  peculiar  motions  of  the  span 
attracted  attention.  The  story  is  told, 
strange  as  it  may  seem,  that  traffic  on  the 
bridge  actually  trebled  as  a  result  of  its 
novel  behavior,  and  people  came  hundreds 
of  miles  in  their  cars  to  enjoy  the  thrill  of 
driving  over  a  bouncing,  galloping,  roller 
coaster. 

On  the  morning  of  the  failure,  after  the 
oscillations  had  become  alarming,  the  en¬ 
gineer  in  charge  finally  decided  that  di¬ 
agonal  stays  were  desirable,  he  rushed  to 


the  telephone  to  order  the  wire  ropes  for 
early  installation  but,  when  he  returned  to 
the  bridge,  the  span  was  gone! 

In  addition  or  as  an  alternative  to  the 
longitudinal  diagonal  stays,  an  economical 
and  highly  effective  method  of  resisting  or 
preventing  torsional  oscillations  is  the  use 
of  transverse  diagonal  stays  (FIGURE  9) 
located  between  opposite  suspenders  at 
selected  points  of  the  span.  Transverse 
horizontal  struts  or  ties  between  the  cables 
may  be  used  in  conjunction  with  such  stays 
for  still  greater  effectiveness.  For  the 
Tacoma  span,  diagonal  stays  of  only  1  sq. 
in.  per  panel  point  would  have  yielded  a 
more  than  50-fold  augmentation  in  torsional 
resistance,  represented  by  an  increase  in 
K  from  62  to  3,532— many  times  more  than 
sufficient  for  assured  torsional  stability. 
The  Deer  Isle  Bridge  (on  the  Maine  coast) 
has  been  equipped  with  such  a  system  by 
the  writer  as  a  safety  precaution,  to  pre¬ 
clude  any  possibility  of  torsional  oscilla¬ 
tions  developing  at  wind  velocities  higher 
than  the  80-mile  storms  thus  far  experienced 
at  this  coastal  location. 

Another  highly  effective  method  of  aug¬ 
menting  resistance  to  torsional  oscillations 
is  by  providing  two  planes  of  lateral  brac¬ 
ing,  at  or  near  the  top  and  bottom  flanges 
of  the  stiffening  girders  (or  trusses),  re 
spectively,  so  as  to  secure  the  integral  ef¬ 
fect  of  a  hollow  rectangular  section  in 
torsion.  According  to  the  writer’s  formulas, 
as  applied  to  the  Tacoma  span,  by  adding 
comparatively  light  systems  of  top  and  bot¬ 
tom  lateral  bracing  (5  to  20  sq.  in.  of  equiv¬ 
alent  horizontal  web  section),  K  is  in¬ 
creased  from  100  to  400  per  cent,  and  R  is 
multiplied  35-  to  50-fold  (which  means  a 
corresponding  increase  in  the  structural 
damping).  The  higher  values  of  K  and  R 
would  have  prevented  the  torsional  oscil¬ 
lations  and  the  failure  of  the  structure  in 
the  42-mile  wind  that  destroyed  it.  In  fact, 
they  would  have  assured  torsional  stability 
at  a  wind  of  more  than  100  miles  an  hour. 
If  the  girder  depth  were  doubled,  the  numer- 
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ical  increases  in  K  obtainable  by  adding 
the  wind  trusses  would  be  quadrupled. 

Although  the  addition  of  wind  trusses  in 
two  horizontal  planes  is  highly  effective 
against  torsional  oscillations,  this  method 
is  far  surpassed  in  economy  and  effective¬ 
ness  by  the  simpler  device  of  installing 
transverse  diagonal  stays  (FIGURE  9). 
With  diagonals  only  one-fifth  of  the  lightest 
wind-bracing  section  assumed  in  the  fore¬ 
going,  the  transverse  diagonal  stays  would 
yield  a  50-times  greater  augmentation  of  K, 
also  a  correspondingly  greater  augmentation 
olR. 

In  1945,  when  the  proposed  new  design 
of  the  Tacoma  bridge  (before  roadway  slots 
were  added)  was  found  to  betorsionally  un¬ 
stable  (despite  the  use  of  stiffening  trusses 
instead  of  stiffening  girders),,  model  tests 
made  by  the  writer  showed  that  simple  in¬ 
version  of  the  section  (to  change  it  from 
deck  to  through  construction)  cured  the  in¬ 
stability,  as  predicted  by  his  formulas. 

Friction  damping  devices,  by  the  writer's 
formulas,  are  helpful  in  resisting  the  in¬ 
itiation  of  oscillations  but  have  little  ef¬ 
fect  after  any  substantial  amplitude  is 
attained. 

The  Aerodynamic  Solution 

By  increasing  depth,  rigidity,  and  brac¬ 
ing;  by  adding  center  stays,  longitudinal 
diagonal  stays,  transverse  diagonal  stays, 
or  other  stays;  and  by  introducing  artificial 
damping  devices,  resistance  to  aerodynamic 
instability  may  be  built  up  to  any  desired 
amount.  These  methods  resist  or  check  the 
effects,  but  do  not  eliminate  the  cause. 

The  more  scientific  attack  is  the  appli¬ 
cation  of  aerodynamic  principles  and  meth¬ 
ods  to  the  selection  or  modification  of  the 
cross-section  so  as  to  minimize  or  elimi¬ 
nate  any  potential  vulnerability. 

The  slopes  of  the  lift  and  torque  graphs 
(from  simple  wind-tunnel  tests  on  small 
section  models)  are  a  measure  of  the  poten¬ 
tial  instability.  A  positive  slope  identifies 
a  stable  section,  with  oscillations  limited 


to  low  wind  velocities  (below  the  critical 
velocity)  and  usually  negligible  or  damped. 
A  negative  slope  identifies  an  unstable 
section,  with  an  unlimited  catastrophic 
range  of  oscillations  above  a  critical  wind 
velocity.  The  ideal  lift  or  torque  graph  ap¬ 
proximates  a  horizontal  straight  line;  this 
identifies  a  section  stable  at  all  wind  ve¬ 
locities  and  all  angles  of  attack.  The  cur¬ 
vature  of  the  lift  graph  or  torque  graph  af¬ 
fects  or  determines  the  limiting  amplitudes 
by  determining  the  reduction  of  mean  effec¬ 
tive  slope  with  increasing  amplitude.  The 
static  wind-tunnel  graphs  for  any  section 
are  thus  a  means  of  diagnosis,  prediction, 
and  prescription. 

By  providing  open  slots  at  predetermined 
points  of  the  roadway  width  (FIGURE  10), 
the  aerodynamic  forces  causing  amplifica¬ 
tion  of  oscillations  can  be  eliminated  or 
materially  reduced.  The  opening  of  these 
lateral  areas  definitely  reduces  the  net 
aerodynamic  instability  and  may  eliminate 
it.  The  writer’s  model  tests  in  1940  demon¬ 
strated  that  aerodynamic  stability  may  be 
secured  by  opening  lateral  areas.  There¬ 
after,  slotted  lateral  openings  were  adopted 
in  the  construction  or  reconstruction  of  all 
large  suspension  bridges,  including  the 
final  design  of  the  new  Tacoma  Bridge 
(1950)  and  the  reconstruction  of  the  Bronx- 
Whitestone  Bridge  (1945). 

That  aerodynamic  stability  or  instability 
of  a  section  is  a  function  of  the  form  and 
proportions  of  the  section  and  can  be  con¬ 
trolled  by  providing  suitably  located  and 
proportioned  openings  in  the  horizontal 
width  of  the  section,  is  now  a  demonstrated 
fact.  Bridge  cross-sections  can  be  devised 
or  modified  to  produce  assured  aerodynamic 
stability. 

Conclusion 

By  the  various  means  of  stiffening  and 
bracing,  resistance  to  the  effects  of  aero¬ 
dynamic  instability  may  be  built  up.  By 
scientific  design  of  the  cross-section,  ap¬ 
plying  aerodynamic  findings  and  concepts. 
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the  cause  of  instability  can  be  largely  or 
entirely  eliminated.  The  one  line  of  attack 
places  the  emphasis  on  providing  increased 
resistance  to  a  dangerous  inherent  charac¬ 
teristic;  the  other  aims  to  avoid  or  eliminate 
the  dangerous  characteristic. 

It  is  more  scientific  to  eliminate  the 
cause  than  to  build  up  the  structure  to  re¬ 
sist  the  effect.  The  aerodynamic  or  fluid 
mechanics  phase  of  the  problem  was  the 
real  challenge  to  engineers  and  scientists. 
In  response  to  this  challenge,  we  now  have 
the  new  science  of  Bridge  Aerodynamics. 
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THE  ORIGIN  AND  EVOLUTION  OF 
GALAXIES* 

By  a  GAMOW 

George  Washington  University,  Washington,  D.C. 

It  is  a  matter  of  common  knowledge  that 
our  sun  is  a  member  of  a  giant  stellar  sys> 
tern,  many  billions  of  stars  strong,  known 
as  the  Milky  Way  or  Galaxy.lt  is  also  known 
that  billions  of  galaxies  similar  to  our  own 
are  scattered  more  or  less  uniformly  through 
the  vast  expanses  of  the  universe  as  far  as 
our  best  telescopes  can  see.  About  a  quar* 
ter  of  a  century  ago,  Mt.  Wilson  astronomers 
E.  P.  Hubble  and  M.  Humason  discovered  a 
remarkable  fact:  All  distant  galaxies  show 
a  red  shift  of  spectral  lines  indicating  that 
their  mutual  distances  are  rapidly  increas¬ 
ing  with  time.  This  led  to  the  Theory  of 
the  Expanding  Universe  which  states  that 
the  stellar  universe,  as  we  know  it  today, 
is  a  result  of  successive  differentiation 
whidi  took  place  during  the  expansion  of 
the  originally  highly  compressed  homogene¬ 
ous  gaseous  material.  According  to  most 

*It  la  hoped  that  the  full  article  by  Doctor  Gamow 
may  be  pubUahed  In  a  later  iisue. 
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recent  estimates,  the  expansion  must  have 
started  five  billions  of  years  ago. 

It  is  clear  that,  in  the  original  state  of 
high  compression,  the  matter  of  the  uni¬ 
verse  must  also  have  been  very  hot  with 
temperatures  running  into  billions  of  de¬ 
grees.  One  can,  in  fact,  calculate  that, 
during  early  stages  of  expansion,  the  tem¬ 
perature  was  so  high  that  the  mass-density 
of  thermal  radiation  exceeded  by  a  large 
factor  the  density  of  matter  itself.  As  the 
expansion  proceeded,  radiation  density  was 
decreasing  more  rapidly  than  that  of  matter 
and  the  matter  “took  over”  when  our  uni¬ 
verse  was  260  million  years  old  (5  per  cent 
of  the  present  age).  At  this  transition  point, 
the  forces  of  Newtonian  gravity  must  have 
caused  the  originally  homogeneous  gas  to 
break  up  into  individual  gas  clouds,  thus 
forming  the  so-called  protogalaxies  which 
later  developed  into  stellar  galaxies  by  a 
secondary  condensation  process  of  their 
material.  Using  Jeans's  theory  of  gravita¬ 
tional  instability,  one  can  calculate  the 
diameters  and  masses  of  galaxies  formed 
by  that  process  with  the  results  standing 
in  a  good  agreement  with  the  observed 
values. 
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ABSTRACTS  OF  PRIZE-WINNING  PAPERS 


A  GENERAL  THEORY  OF  ASSOCIATION 
By  ROBERT  GINELL* 

Awarded  an  A,  Creasy  Morrison  Prize  in 
Natural  Science,  1953 

When  we  have  a  container  holding  a  large 
number  of  particles,  it  has  long  been  recog¬ 
nized  that  the  simpler  laws  of  physics  and 
chemistry  do  not  hold  exactly  if  the  dis¬ 
tance  between  the  particles  is  too  small  or, 
in  other  words,  if  the  particles  are  too  con¬ 
centrated.  The  explanatioit  advanced  is  that 
the  residual  surface  forces,  present  in  every 
particle,  act  as  an  attractive  force  compel¬ 
ling  some  of  these  particles  to  agglomerate 
into  larger  aggregates.  While  the  life  span 
of  any  one  of  these  aggregates  may  be  very 
short,  having  such  a  large  number  of  parti¬ 
cles  makes  the  number  of  aggregates  present 
at  any  instant  quite  a  significant  fraction 
of  the  total  number  of  particles.  This,  of 
course,  would  introduce  deviations  from  the 
theoretical  values  into  our  determinations, 
because  most  of  our  theories  involve,  in 
one  way  or  another,  a  count  of  the  actual 
number  of  particles  present.  Qualitatively, 
this  has  been  recognized  for  many  years  and 
for  this  reason  determinations  are  extrapo¬ 
lated  to  infinite  dilution  or  zero  pressure, 
where  such  association  effects,  which  are 
a  function  of  the  concentration,  are  assumed 
to  disappear. 

Many  attempts  have  been  made  to  treat 
this  problem  quantitatively,  the  commonest 
being  to  assume  that  the  deviations  are  all 
due  to  the  formation  of  dimers  or  2*mers; 
occasionally  to  2-mers  and  3-mers  or  per¬ 
haps  even  to  the  presence  of  2*mers,  3-mers, 
and  4-mers.  As  each  additional  ^ecies  was 
postulated,  an  additional  constant  was  ad- 
ed.  Hence  the  process  consisted  essential¬ 
ly  of  seeing  how  many  constants  were  need- 

*Departinent  of  Chemistry,  Brooklyn  College, 
Brooklyn,  N.  Y. 


ed  to  fit  a  particular  variation  in  some  prop¬ 
erty.  While  in  essence  this  is  always  the 
method  used  if,  instead  of  a  purely  empiri¬ 
cal  approach,  a  cor.sistent  theory  describing 
the  relationships  between  these  constants 
is  offered,  then  the  choice  no  longer  be¬ 
comes  merely  an  exercise  in  curve  fitting. 
An  approach  of  this*  type  has  been  to  as¬ 
sume  that  all  possible  sizes  of  aggregates 
form  2-mers,  3-mers,  4-mers,  . . .  ;-mers; 
and,  in  the  simplest  case,  that  the  rate  of 
formation  of  any  (j  +  f)-mer  from  a  ;-mer  and 
an  r-mer  would  proceed  with  the  same  rate 
constant,  e.g. 


(1) 


where  =  concentration  of  particles  of 
degree  of  association  x 
=  specific  rate  .constant  of 
growth 

=  specific  rate  constant  of  de¬ 
gradation 

K  =  equilibrium  constant 


Here  the  explicit  assumption  made  is  that 
the  same  sort  of  bond  is  formed  or  destroyed 
in  every  reaction.  This  probably  limits  this 
case  to  linear  association.  An  identical  ap¬ 
proach  with,  however,  the  limitation  that 
growth  and  degradation  proceed  only  through 
the  addition  or  subtraction  of  1-mers;  that 
is,  that  the  only  reaction  possible  is 


(2) 


leads  to  identically  the  same  distribution 
equations  at  equilibrium.  An  improvement 
on  this  treatment  considers  the  case,  where 
again  linear  association  and  all  species 
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were  postulated,  but  where  the  two  con¬ 
stants  were  introduced  following  the  re¬ 
actions 

*11 

"i  +"i  ^  "2 


"l  +  "y  (4) 

h) 

Calculations  using  this  latter  theory  have 
shown  that  in  certain  cases  the  answers 
derived  give  quite  satisfying  representation 
of  the  association  phenomena.  The  problem 
involved  in  using  a  larger  number  of  con¬ 
stants  in  the  case  of  linear  aggregation  has 
also  been  discussed  but  not  solved,  since 
a  solution  involves  obtaining  as  yet  un¬ 


known  relationships  between  the  multitude 
of  constants  which  may  be  postulated. 

The  bulk  theory  of  association  is  pre¬ 
sented  and  a  general  solution  of  the  equa¬ 
tions  at  equilibrium  is  given.  The  term  bulk 
theory  is  used  to  differentiate  this  theory 
from  the  various  linear  theories  and  it  cov¬ 
ers  the  linear  theory  as  a  special  case. 

The  rate  equations  for  growth  and  degra¬ 
dation  of  ;-mers,  postulating  that  all  species 
can  be  present  and  assuming  a  mechanism 
of  1-mer  addition  and  degradation,  were 
derived. 

The  solution  of  this  set  of  equations  at 
equilibrium  is  given  using  matrix  methods. 
This  solution  permits  the  values  of  the 
equilibrium  association  constants  to  be  de¬ 
rived  empirically  free  of  any  assumptions 
with,  however,  the  implicit  restriction  that 
dissociation  of  1-mers  does  not  occur. 


ON  THE  DEVELOPMENT  AND 
REPRODUCTION  OF  THE 
ANTHOMEDUSAN,  MARGELOPSIS 
HAECKEL!  HARTLAUB 

By  BERNHARD  WERNER* 

Awarded  an  A.  Creasy  Marti aon  Prize  in 
Natural  Science,  1953 

It  is  well  known  that  the  typical  repro¬ 
duction  in  the  Order  Hydroida  of  the  Class 
Hydrozoa  represents  a  metagenesis;  that 
is,  the  alternation  of  generations  of  the 
sedentary  asexual  hydroid  and  the  pelagic 
sexual  medusa.  In  numerous  species,  devi¬ 
ations  of  this  type  occur  according  to  the 
abundance  of  the  forms  of  this  group.  The 
deviations  are  observed  mainly  in  the  gen¬ 
eration  of  the  medusa  that  often  does  not 
separate  from  the  hydroid  and,  therefore, 
shows  gradual  reduction.  In  marine  hydroid 


*Helgoland  Biological  InaUtute,  List  a.  Sylt  Re¬ 
search  Institute  of  the  FederaUon  of  Fisheries, 
Helgoland,  Germany. 


polyps,  le  can,  in  extreme  cases,  speak 
about  **sexual  organs*'  and  "sexual  prod¬ 
ucts;’’  as  we  must,  in  fact,  do  in  the  fresh¬ 
water  family  of  Hydridae.  On  the  other  hand, 
however,  no  case  is  known  of  the  absence 
of  the  polyp  generation  in  the  Hydroida 
Without  discussing  the  question  of  whether 
the  hydroid  or  the  medusa  must  be  consid¬ 
ered  the  phylogenetically  more  primitive 
form,  it  should  be  pointed  out  that  the  hy¬ 
droid  represents  the  more  perserverant 
generation  which  endures  unfavorable  sea¬ 
sons  and  produces  the  gonophores  that  are 
formed  periodically  during  the  season  when 
conditions  for  reproduction  are  most  favor¬ 
able  for  the  respective  forms. 

Our  knowledge  of  the  reproduction  of  the 
marine  Hydroida  that  possess  a  pelagic 
medusa,  is  rather  poor,  since  often  only 
the  medusa  or  the  hydroid  of  the  respective 
species  is  known.  Hence,  in  the  Hydro¬ 
medusae,  in  which  the  hydroid  is  unknown, 
only  from  the  strictly  limited  seasonal  oc¬ 
currence  of  the  medusae  can  the  existence 
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of  a  hydtoid  generation  be  concluded.  In 
other  cases,  the  similarities  in  the  medusae 
and  the  hydroids  of  closely  related  species 
are  so  important  that  it  is  often  not  possi¬ 
ble  to  group  certain  medusae  with  the  hy¬ 
droids.  The  best  method  of  identification- 
rearing  in  the  laboratory— is  difficult  be¬ 
cause  of  the  necessity  of  rearing  two  gen¬ 
erations  and  because  of  the  weakness  of 
many  tender  forms.  It  can  only  be  accom¬ 
plished,  therefore,  in  a  few  cases. 

In  the  suborder  Athecatae-Anthomedusae, 
a  few  genera  are  very  interesting,  in  so  far 
as  they  differ  by  their  general  behavior  from 
the  other  Hydroida,  because  of  the  solitary 
and  pelagic  life  of  the  hydtoid  generation. 
This  is  the  case  in  the  genus  Margetopsis 
Hartlaub  1897,  Petagohydra  Dendy  1902, 
and  Ctimacodon  Uchida  1924.  In  the  sys¬ 
tematic  reports  of  Hartlaub,  Mayer,  Kuhn, 
Broch,  and  Stechow,  the  medusae  of  the 
first  two  genera  were  grouped  with  the  fam¬ 
ily  Codonidae,  the  hydroids  bearing  the 
same  name  as  the  medusae,  or  if  not  with 
that  family,  then  with  the  family  Tubulariidae. 
Leloup  notes  that  Ectoplema  L.  Agassiz 
1862  and  Corymorpha  Sars  1835  are  more 
closely  related  to  Margetopsis,  the  hydroids 
of  which  are  solitary,  sedentary,  and  pro¬ 
duce  free  medusae.  As  suggested  by  Rees 
in  1941,  a  separate  family  Margelopsidae, 
with  the  subfamilies  Pelagohydrinae  and 
Margelopsinae,  must  be  formed. 

A  pelagic  hydtoid  .similar  to  Margetopsis 
was  described  by  McCrady  in  1857  but  was 
ascribed  in  error  to  the  medusa  Nemopsis, 
At  last,  in  1899,  Hartlaub  cleared  up  the 
connection  between  the  medusa  Margetopsis 
haecketi,  which  he  detected  in  1897,  and 
the  pelagic  hydtoid.  He  noted  that  hydroids 
and  medusae  occurred  at  the  same  time  in 
the  plankton  of  the  waters  near  the  island 
of  Helgoland,  and  he  was  able  to  observe 
the  development  of  the  hydroid  from  the  egg 
cell  upward.  According  to  Hartlaub’s  re¬ 
port,  the  occurrence  of  the  hydroids  and 
medusae  in  the  plankton  was  always  con¬ 
fined  to  a  few  weeks  in  July  and  August, 


although,  over  a  period  of  years,  its  occu^  | 
rence  was  very  inconsistent.  Leloup  records  I 
medusae  and  hydroids  found  in  plankton  j 
samples  taken  in  June  of  the  years  1906  I 
and  1914  off  the  Belgian  coast.  The  only  « 
additional  original  reports  on  the  occurrence  ^ 
and  spreading  of  this  species,  as  far  as  is 
known  to  the  author,  are  given  by  K'linne  ■ 

who  found  it  as  a  regular  part  of  the  life  in  ■ 

the  summer  plankton  in  the  shallow  waters  ^ 

off  Northern  Sylt.  Apparently,  no  further  / 

publications  on  the  development  and  repro-  | 

duction  are  in  existence,  except  the  reports 
of  Hartlaub,  although  MUller  has  examined 
the  origin  and  structure  of  the  egg  cells  in  l 

the  gonad.  Thus,  the  fate  of  the  medusa  and  I 

hydroid  generation  during  the  remainder  of  ^ 

the  year  has  hitherto  been  unknown.  Since  , 

the  fall  of  1952,  I  have  succeeded  in  ca^  I 

rying  out  rearing  experiments  with  medusa  I 

and  hydroids  of  Margetopsis  haecketi.  It  | 

has  become  possible,  therefore,  to  clear 
up  this  question  and  to  make  further  obser¬ 
vations  on  its  development  and  reproduction.  j 

I 

The  report  on  these  observations  follow:  , 

(1)  The  anthomedusan  Margetopsis  haeck-  ■ 
e/i  Hartlaub,  occurs  in  the  summer  plankton  ' 
off  the  coast  areas  of  the  North  Sea.  In  com¬ 
parison  toother  Hydromedusae,  this  species 
shows  peculiar  features  in  its  biology,  de-  ) 
velopment,  and  reproduction:  (a)  the  hydroid  | 
is  solitary  and  pelagic;  (b)  in  the  medusa  j 
the  eggs,  being  attached  to  the  manubrium, 
develop  directly  to  actinula-like  hydroids 
without  undergoing  a  pelagic  planula  stage,  ^ 
the  hydroid  reproducing  in  the  usual  manner 

by  budding  medusae.  In  the  months  of  June,  ‘ 
July,  and  August,  therefore,  medusae  and  | 
hydroids  occur  in  the  plankton  at  the  same  it 
time. 

(2)  By  artificial  rearing  of  the  medusae  | 
and  hydroids,  the  older  data  could  be  com-  i 
pleted  and  new  and  interesting  observations  ' 
on  morphology,  development,  and  reproduc¬ 
tion  made. 

(3)  The  fully  grown  medusae  have  4-7 
tentacles  on  each  of  the  4  marginal  bulbs, 
not,  as  Hartlaub  stated,  3-4  tentacles.  The 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


145 


number  of  tentacles,  therefore,  is  not  a  sys* 
tematically  different  feature  from  the  Ameri* 
can  species,  M.  gibbesi  McCrady. 

(4)  In  the  cultures,  males  were  never 
present.  All  the  several  hundred  specimens 
examined  were  females,  producing  only  egg 
cells.  The  isolated  specimens  also  repro¬ 
duced  in  the  same  manner.  No  males  were 
found  in  the  plankton  samples.  Since  no 
marks  of  separate  male  organs  were  found 
in  the  gonad  which  encircles  the  manubrium, 
no  signs  of  normal  spermatogenesis  could 
be  detected.  However,  a  mode  of  simultane¬ 
ous  or  consecutive  hermaphroditism  and, 
therefore,  of  self-fertilization  is  improbable. 
The  eggs  produced  by  the  medusa  must  be 
supposed  to  have  a  parthogenetic  mode  of 
development.  Parthogenesishas  been  hither¬ 
to  unknown  in  the  Hydromedusae. 

(5)  By  precisely  controlled  rearing  over  a 
long  period,  the  medusae  were  observed  to 
produce  two  types  of  egg  cells  of  different 
size  and  mode  of  development,  a  fact  hither¬ 
to  unknown  for  Hydromedusae  and  apparent¬ 
ly  for  Coelenterata. 

(6)  The  smaller  type  egg  cell  which  is 
produced  first  develops  continually  on  the 
manubrium  of  the  hydroids.  These  smaller 
eggs  correspond  to  the  summer  eggs  of  the 
Rotatoria  and  Cladocera.  When  it  starts  pro¬ 
ducing  the  smaller  summer  eggs,  the  medusa 
is  not  yet  fully  developed  in  the  size  of  the 
bell  and  the  number  of  tentacles.  Apparent¬ 
ly,  a  case  of  paedogenesis  is  present. 

(7)  After  finishing  the  production  of  the 
summer  or  subitan  eggs,  the  medusa  con¬ 
tinues  growing.  The  gonad  also  continues 
developing  and  enlarging  itself.  In  the  ova¬ 
ry  are  now  produced  larger  egg  cells  which, 
after  their  extrusion,  remain  attached  to  the 
ectoderm  of  the  manubrium.  Like  the  subitan 
eggs,  this  second,  larger  type  egg  develops 
parthogenetically. 

(8)  When  discharged  from  the  gonad,  the 
uncleaved  egg  cells  and  the  first  cell  divi¬ 
sion  stages  of  the  second  type  are  equipped 
on  their  surface  with  numerous  nematocysts 
whidi  originate  from  the  ectoderm  of  the 


manubrium.  In  the  subitan  eggs,  the  nema¬ 
tocysts  are  absent,  their  surface  being 
smooth.  Therefore,  a  physiological  affinity 
must  be  present  and  functioning  between 
the  larger  eggs  and  the  nematocysts.  In  the 
further  cleavage,  the  nematocysts  are  bed¬ 
ded  in  the  ectoderm  layer. 

(9)  The  large  egg  cells  develop  on  the 
manubrium  only  to  the  stage  of  the  stereo- 
blastula.  At  this  point,  development  stops; 
the  stereoblastulae  are  liberated  and  sink 
to  the  bottom.  The  larger  eggs  of  the  sec¬ 
ond  type  must  be  considered  to  be  resting 
eggs. 

(10)  Very  probably,  the  first  attachment 
to  the  bottom,  of  the  resting  eggs  is  accom¬ 
plished  by  the  nematocysts,  because  they 
all  belong  to  the  type  of  “stereoline  gluti- 
nants”  (i.e.  haplonemes),  and  because  they 
are  already  capable  of  the  function  of  the 
uncleaved  egg. 

(11)  The  attachment  to  the  bottom  takes 
place  by  a  change  of  form  and,  at  the  same 
time,  by  a  secretion  process  on  the  surface. 
From  these  processes  originate  firmly  at¬ 
tached  resting  stages  semispherical  in  form 
and  protected  by  a  periderm-like  covering. 

(12)  After  a  winter  resting  period  of  five 
to  six  months,  hydroids  hatch  out  of  the 
resting  stages  in  the  spring.  These  “resting- 
stage  hydroids,'’  both  in  morphology  and 
mode  of  development,  are  equivalent  to  the 
“subitan  egg  hydroids"  produced  on  the 
manubrium  of  the  medusae  in  the  previous 
summer.  These  resting-stage  hydroids  do 
not  become  attached  and  must,  therefore, 
undergo  a  pelagic  life.  By  budding  medusae 
these  hydroids  prepare  for  an  intensive  prop¬ 
agation.  Thus  the  life  cycle  is  completed. 

(13)  The  process  of  production  of  the 
subitan  eggs  is  very  unstable  and  can  be 
affected  by  external  factors.  Under  unfa¬ 
vorable  conditions,  this  process  can  be  re¬ 
duced  or  completely  suppressed.  The  ex¬ 
periments  hitherto  made  showed  that  high 
temperatures  and  poor  nourishment  consti¬ 
tuted  such  unfavorable  factors.  Superior  egg 
production,  therefore,  continues  the  species 
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by  the  production  of  the  larger  resting  eggs, 
rather  than  by  the  acceleration  of  propaga¬ 
tion  of  the  stock  through  the  production  of 
subitan  eggs. 

(14)  Margelopsis  is  not  a  true  sedentary 
hydroid,  but  the  lifecycle  is  not  completely 
pelagic,  since  it  includes  a  stage  in  which 


the  hydroid  is  attached  to  the  bottom./ As 
for  the  life  cycle  and  the  development, 
Margelopsis  and  the  related  Corymorpha  and 
Ectopleura  should  be  arranged  in  a  series, 
in  which  Margelopsis  shows  the  highest  de¬ 
gree  of  specialization  towards  a  pelagic 
mode  of  life. 


RADIOGENIC  ORIGIN  OF  THE 
HELIUM  ISOTOPES  IN  ROCK 

By  P.  MORRISON  and  J.  PINE* 
Awarded  a  Boris  Pregel  Prize,  1953 

A  wholly  radiogenic  source  for  the  earth’s 
helium  has  long  been  plausible  on  geochem¬ 
ical  and  astrophysical  grounds.  The  authors 
have  calculated  the  expected  isotopic  a- 
bundance  ratio,  R  =  atoms  He’/atoms  He*, 
assuming  radiogeneration  of  all  present 
helium  by  specific  nuclear  processes.  Other 
processes  considered  were  negligible.  For 
helium  from  various  sources  we  obtain: 

(a)  Atmospheric  helium:  R  ~  10*‘.  He*  is 
released  by  rock  weathering;  He*  is  a  prod¬ 
uct  of  cosmic-ray  star  processes  in  the  up¬ 
per  fifth  of  the  atmosphere. 

(b)  Gas- well  helium:  R  ~2.10*’.' He*  is 
the  decay  product  of  Th  and  U  in  their  gen¬ 
eral  dilute  distribution  through  igneous 
rock;  He’,  the  delayed  product  of  the  re¬ 
action  Li*  (n,  a)H*,  with  the  neutron  source 
just  that  provided  by  the  (a,  n)  reactions  of 
the  natural  alphas  on  the  major  rock  con¬ 
stituents. 

(c)  Helium  from  radioactive  minerals: 
R~10"*.  Here  R  is  much  reduced  from  the 
similar  case  (b),  because  the  heavy  element 
content  of  these  minerals  lowers  the  (a,  n) 
yield  and  introduces  competing  neutron 
capture  processes. 

(d)  Helium  from  lithium  minerals:  R  ~  10'*. 
Here  the  high  lithium  content  means  that 

•  ComeU  University,  Ithaca,  N.  Y. 


all  neutrons  will  yield  a  He*  atom  on  cap¬ 
ture. 

All  these  calculated  ratios  agree  with  the 
measured  values. 

The  authors  conclude:  (1)  all  helium 
present  is  radiogenic;  and  (2)  the  He  rich 
gases  of  the  Southwestern  United  States 
must  be  the  result  of  unusual  collection  of 
gases  from  normal  rock,  instead  of  special 
concentrations  of  radioactive  elements  or 
trapped  atmospheric  helium. 

The  light  isotope  He*  comes  from  this 
set  of  nuclear  reactions  in  rock: 

(1)  U,  Th  —a  (natural  radioactive  decay) 

(2)  Si,  Al,  etc.  (a,  n) 

(3)  Li*  (n,  a)  H* 

(4)  H*  (fi-)  He* 

We  have  empirically  confirmed  the  most  un¬ 
certain  of  these  steps  by  a  direct  measure¬ 
ment  of  the  rate  of  neutron  production  in 
igneous  rock.  The  sample  was  placed  in  a 
large  neutron  counter  of  measured  over-all 
neutron  efficiency  about  3  per  cent,  located 
at  a  depth  underground  that  eliminated  cos¬ 
mic-ray  background.  The  observed  counts 
gave  a  number-bias  curve  appropriate  for 
the  B**  disintegrations  in  the  BFj  propor¬ 
tional  counters  used;  gamma-ray  pile-up  and 
photoneutrons  from  the  deuterium  contained 
in  the  paraffin  moderator  were  excluded  by 
direct  control  experiments;  the  remaining 
background  had  the  properties  expected 
from  alpha-particle  residual  contamination 
of  the  counters. 

An  alkali  granite  from  the  Carboniferous 
of  Quincy,  Massachusetts,  gave  a  counting 
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rate  corresponding  to  a  source  strength  of 
0.5  ±0.5  neutron  per  second  per  ton  of  rock. 
To  improve  the  counting  rate,  an  enriched 
simulated  granite  was.  prepared  by  mixing 
sand  with  compounds  of  the  other  principal 
constituents  of  the  rock.  Radioactive  min¬ 
erals  were  finely  ground  and  spread  dilutely 
through  the  material.  When  radioactive  equi¬ 
librium  was  again  reached,  the  neutron  count 
was  made.  The  results  were  0.037  ±  .003 
neutron/second/gram  of  Th;  and  0.105  ±.003 
neutron/second/gram  U.  Correcting  for  the 
effects  of  alpha-particle  self-absorption 
and  neutron  absorption,  and  using  the  aver¬ 
age  radioactive  content  of  granitic  rock,  we 
find  0.8  ±0.25  neutron/second/T  rock.  Such 
a  value  is  in  good  agreement  with  the  num¬ 


ber  calculated  for  the  (a,  n)  reaction  yield, 
and  will  give  the  observed  ratio  of  He*Ale^ 
The  authors  have  demonstrated  by  calcu¬ 
lation  and  experiment,  then,  that  the  rarest 
of  all  stable  nuclear  species.  He*,  owes  its 
entire  presence  in  the  earth’s  crust  to  nu¬ 
clear  processes  originating  in  radioactive 
decay  that  are  still  going  on.  Such  improb¬ 
able  processes  as  these  could  hardly  af¬ 
fect  the  geochemistry  of  any  other  element. 
It  is  striking  that  at  least  one  step  of  such 
an  infrequent  chain  of  events  is  at  the  mar¬ 
gin  of  direct  measurability  with  the  tech¬ 
niques  of  neutron  physics,  though  it  cor¬ 
responds  to  a  specific  activity  thousands 
of  times  smaller  than  that  of  the  slowest 
single  process,  spontaneous  fission. 
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THE  NEW  YORK  ACADEMY  OF  SQENCES 

announces . 


THREE  PRIZE  CONTESTS  FOR  1954 


The  New  York  Academy  of  Sciences  announces 
the  following  prize  contests  for  the  coming  year: 

L  THE  A  CRESSY  MORRISON  PRIZE  IN 
NATURAL  SOENCE 

Two  prizes  of  $300  each,  to  be  known  as  the 
A  Cressy  Morrison  Prizes  in  Natural  Science, 
will  be  awarded  at  the  Annual  Meeting,  Decem¬ 
ber,  1954,  for  the  two  most  acceptable  papers 
in  a  field  of  science  covered  by  the  Academy  or 
an  Affiliated  Society. 

IL  THE  BORIS  PREGEL  PRIZE  IN  THE 
FIELD  OF  NATURAL  RADIOACTIVE  SUB¬ 
STANCES 

Through  the  generosity  of  Doctor  Boris  Pregel, 
a  prizeof  $500  is  offered  for  the  most  acceptable 
paper  embodying  the  results  of  research  in  the 
field  of  natural  radioactive  substances  received 
in  competition  during  the  year  1954.  The  award 
of  this  prize  will  be  announced  at  the  Annual 
Meeting  to  be  held  in  December,  1954. 

m.  THE  WENNER-GREN  FOUNDATION 
PRIZE  OF  THE  NEW  YORK  ACADEMY  OF 
SOENCES 

The  Board  of  Directors  of  the  Wenner-Gren 
Foundation  for  Anthropological  Research  has 
established  The  Wennei^Gren  Foundation  Prize 
of  $1000  to  be  awarded  by  The  New  York 
Academy  of  Sciences  to  the  author,  or  authors, 
of  the  best  paper  submitted  from  the  Membership 
of  the  Academy  on  the  general  theme  of  the  sig¬ 
nificance  of  the  human  factor  in  the  advance  of 
science. 

It  is  the  purpose  of  this  award  to  stimulate 
cross-disciplinary  thought,  research,  and  writing 
on  the  influence  of  human  culture  and  social 
factors  in  the  biological  and  physical  sciences. 
The  award  of  this  prize  will  be  announced  at 
the  Annual  Meeting  to  beheld  in  December,  1954. 


CONDITIONS  GOVERNING  THESE  PRIZES 

(1)  Eligibility.  Authors  and  co-authors  com¬ 
peting  for  prizes  I,  and  III  shall  be  members  in 
good  standing  of  The  New  York  Academy  of 
Sciences  or  one  of  its  Affiliated  Societies,  but 
nonmembers  may  become  eligible  by  joining  one 
of  these  organizations  before  the  closing  date. 


Competition  for  prize  II  is  open  to  all  scien¬ 
tists  engaging  in  research  in  the  field  of  natural 
radioactive  substances. 

(2)  Date.  Papers  are  to  be  submitted  on  or 
prior  to  October  15,  1954,  to  the  Executive  Di¬ 
rector  of  The  New  York  Academy  of  Sciences, 
2  East  Sixty-third  Street,  New  York  21,  New  York. 

(3)  Papers.  All  papers  submitted  must  em¬ 
body  the  results  of  original  research  not  pre¬ 
viously  published.  The  manuscript  shall  be  type¬ 
written,  in  English,  accompanied  by  all  neces¬ 
sary  photographs,  drawings,  diagrams,  and 
tables,  and  shall  be  ready  for  publication.  Papers 
must  be  accompanied  by  a  summary  of  the  data 
presented  and  conclusions  reached. 

(4)  Awards.  The  awards  shall  be  made  by  the 
Council  of  The  New  York  Academy  of  Sciences. 
The  decision  of  the  judges  shall  be  final. 

(5)  Publication.  The  Academy  shall  have  first 
option  on  the  publication  of  all  papers  submit¬ 
ted,  unless  especially  arranged  for  beforehand 
with  the  authors,  but  such  publication  is  not 
binding  on  the  Academy. 

(6)  Wherever  and  whenever  published,  the 
papers  awarded  the  prizes  shall  be  accompanied 
by  one  of  the  three  following  statements: 

In  competition  I,  “Awarded  an  A  Cressy 
Morrison  Prize  in  Natural  Science  in  1954  by 
The  New  York  Academy  of  Sciences”; 

In  competition  II,  “Awarded  a  Boris  Pregel 
Prize  for  Research  on  Natural  Radioactive  Sub¬ 
stances  in  1954  by  The  New  York  Academy  of 
Sciences”; 

In  competition  III,  “Awarded  a  Wenner-Gren 
Foundation  Prize  in  1954  by  The  New  York 
Academy  of  Sciences.” 

Such  a  statement,  in  substance,  must  also  ac¬ 
company  any  formal  publicity  initiated  by  the 
author  regarding  the  prize  paper.  If  published 
elsevdiere  with  the  consent  of  The  New  York 
Academy  of  Sciences,  six  copies  of  each  prize 
paper  must  be  deposited  shortly  after  publica¬ 
tion  with  the  office  of  The  New  York  Academy 
of  Sciences. 

THE  NEW  YORK  ACADEMY  OF  SOENCES 
2  East  Sixty-third  Street 
New  York  21,  New  York 

Eunice  Thomas  Miner 
Executive  Director 
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SECTION  OF  GEOLOGY  AND  MINERALOGY 


ANTILLEAN  TECTONICS* 

By  HOWARD  A.  MEYERHOFF** 

Geological  generalizations  about  the  An¬ 
tillean  arc  are  numerous,  and  there  are  al¬ 
most  as  many  interpretations  of  West  Indian 
geologic  structure  and  its  development  as 
there  have  been  workers  in  this  segment  of 
the  Western  Hemisphere.  The  failure  of  the 
experts  to  agree  on  even  major  aspects  of 
the  diastrophic  history  may  be  traced  to 
their  preoccupation  with  parts  of  the  whole 
and  to  the  erroneous  idea  that  the  whole 
can  be  coherently  reconstructed  from  any  of 
the  parts. 

Cape  San  Antonio,  at  the  western  extrem¬ 
ity  of  Cuba,  and  Barbados  and  Grenada,  at 
the  southeastern  extremity  of  the  Lesser 
Antilles,  are  1800  airline  miles  apart,  and 
political  jurisdiction  of  the  thousands  of 
West  Indian  islands  is  shared  by  seven  na¬ 
tions.  Such  a  broad  sweep  of  land  and  sea 
does  not  reveal  its  intricacies  to  the  geolo¬ 
gist  who  focuses  his  attention  upon  any 
single  natural  or  political  unit,  or  to  the 
deck-chair  or  airborne  scientist  who  makes 
little  more  than  a  Cook’s  Tour  of  the  region. 
Yet  it  is  interesting  to  find  that  the  best 
over-all  view  of  the  Antilles  has  been  pre¬ 
sented  by  a  man  who  never  visited  any  of 
the  islands  and  who,  in  the  absence  of  ac¬ 
quired  field  biases,  was  better  able  to  e- 
valuate  the  voluminous  literature  and  to  im¬ 
part  some  order  and  coherence  to  the  chaos 
of  the  discrete  parts.’ 

In  the  light  of  this  background,  a  new 
interpretation  may  seem  presumptuous,  but 
it  is  offered  as  a  summary  of  30  years  of 
intermittent  work  in  many  parts  of  the  An¬ 
tilles  and  with  an  acute  awareness  of  gaps 
and  imperfections  in  information.  Its  chief 
contribution  to  the  subject,  it  is  hoped,  will 

*Thls  pipar  was  presented  at  a  meeting  of  the  Sec¬ 
tion  on  December  7,  1953. 

**Scientlfic  Manpower  Commission,  Washington,  D.C. 


be  the  differentiation  of  clearly  defined 
structural  elements,  each  of  which  has  re¬ 
sponded  in  its  own  individual  way  to  dia- 
strophic  forces  that  have  acted  practically 
without  interruption  since  Upper  Cretaceous 
time. 

Historical  Background 

Attempts  to  decipher  the  pre-Jurassic  ev¬ 
olution  of  the  Antilles  have  been  unsuc¬ 
cessful.  Crystalline  rocks  lying  at  the  base 
of  the  Cretaceous  section  in  the  Blue  Moun¬ 
tains  of  Jamaica  and  a  few  granodiorite 
boulders  in  Cretaceous  agglomerates  in  cen¬ 
tral  Cuba  and  in  southwestern  Puerto  Rico 
offer  the  only  indisputable  evidence  of  a 
basement  that  must  have  had  a  longerosion- 
al  history  before  it  served  as  the  submerged 
platform  on  which  the  Jurassic  limestones 
of  western  Cuba  were  deposited.  Metamor^ 
phosed  sediments  on  the  Isle  of  Pines,  in 
the  Trinidad  Mountains,  and  in  eastern 
Oriente,  Cuba,  are  thus  far  undated,  and  at¬ 
tempts  to  fix  the  age  of  somewhat  similar 
metamorphics  in  northern  Haiti  and  in  the 
Saman4  peninsula  of  the  Dominican  Republic 
have  failed.  Recrystallized  sediments  to 
which  Earle’  tentatively  assigned  a  pre- 
Mesozoic  age  in  the  British  Virgin  Islands 
have  been  traced  along  the  strike  to  less 
metamorphosed  equivalents,  which  have 
yielded  diagnostic  Cretaceous  rudistids  and 
other  mollusks. 

Neither  the  Jurassic  nor  the  Cretaceous 
strata  reveal  the  proximity  of  a  land  mass 
that  might  have  furnished  clastic  materials 
of  obvious  continental  derivation.  The 
Jurassic  limestones  contain  some  interstrat- 
ified  shale,  and  the  Cretaceous  section  con¬ 
tains  some  rather  localized  quartzite,  but 
the  other  clastic  deposits  are  either  pyro¬ 
clastic  or  were  derived  from  essentially 
contemporaneous  volcanic  formations.  The 
character  and  distribution  of  the  Mesozoic 
rocks  suggest  a  deeply  eroded,  low-lying 
land  mass  partially  submerged  in  the  north- 
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west  during  the  Jurassic  (Kimmeridgian) 
and  regionally  submerged  during  the  Cre> 
taceous.  Widespread  volcanic  activity  was 
concomitant  with  sedimentation  during  the 
Cretaceous,  attaining  maximum  intensity 
eastward  in  Puerto  Rico,  where  the  stubs 
of  three  eruptive  centers  can  be  identified. 
Subaerial  pyroclastics  that  grade  into  strat* 
ified  equivalents  with  intercalated  lime¬ 
stones  show  that  accumulation  took  place 
on  a  submerged  platform,  but  that  some  of 
the  volcanic  masses  were  built  up  to  and 
above  sea  level. 

The  claims  that  diastrophism  produced  a 
major  unconformity  between  Jurassic  and 
Cretaceous  and  a  break  between  the  Lower 
and  Upper  Cretaceous  need  substantiation, 
althou^  the  outbreak  of  volcanic  activity 
from  one  end  of  the  greater  Antilles  to  the 
other  in  the  Cretaceous  period  certainly 
suggests  major  tectonic  unrest.  Of  the  mag¬ 
nitude  of  the  orogeny  that  terminated  the 
Mesozoic  era  there  is  no  doubt,  though 
there  is  some  question  as  to  the  precise 
time  when  it  occurred.  The  extensive  ex¬ 
posures  of  Eocene  strata  should  provide  a 
ready  solution  to  the  problem  of  dating,  but 
thus  far  no  fossiliferous  sediments  that 
postdate  middle  Upper  Cretaceous  or  ante¬ 
date  Middle  Eocene  have  been  identified. 
The  orogeny  was  regional,  and,  despite  the 
discontinuity  of  Cretaceous  outcrops,  pro¬ 
jection  of  the  exposures  indicates  a  broad 
en  Schelon  fold  pattern,  with  intense  de¬ 
formation  within  the  larger  structures.  Hy¬ 
drothermal  alteration  affected  many  litho¬ 
logic  elements  in  the  rock  section,  but  pro¬ 
found  metamorphism  is  generally  restricted 
to  areas  peripheral  to  the  numerous  diorite, 
quartz  diorite,  and  less  common  granite  in¬ 
trusions  that  accompanied  folding. 

Early  Tertiary  relief  washigh,  and  Eocene 
sedimentation,  which  apparently  did  not 
start  until  the  middle  of  the  epoch,  was  con¬ 
fined  initially  to  the  synclinal,  or  geosyn¬ 
clinal,  basin  in  the  island  of  Hi^anola, 
south  of  the  Massif  du  Nord  of  Haiti  and 
its  extension  into  the  Cordillera  Central  of 


the  Dominican  Republic.  Here  the  Middle  f 
and  Upper  Eocene  is  dominantly  limestone,  l 
attaining  a  thickness  in  excess  of  10,000  [ 

feet  in  the  Massif  de  la  Selle— Sierra  de 
Baharuco,  which  forms  the  southern  penin-  | 
sula  of  Haiti  and  the  southern  margin  of  the  i 
Cul  de  Sac.  [ 

Although  deposition  may  have  been  con-  | 
tinuous  from  Eocene  to  Oligocene  time  in 
the  deeper  parts  of  this  subsiding  sedimen-  i 
tary  basin,*  the  Eocene  epoch  ended  with  / 
diastrophism  in  most  of  the  Greater  Antilles.  i 
In  the  Sierra  Maestra,  of  Cuba,  and  in  south-  i 
em  Hispanola,  the  limestones  were  folded,  ! 
recrystallized,  and  deeply  eroded  before 
younger  Tertiary  strata  were  laid  uncon-  . 

formably  upon  them.  As  in  the  Eocene,  sub-  I 

siding  basins  provided  the  loci  for  Oligo-  f 

cene  and  early-middle  Miocene  sedimenta-  | 

tion,  which,  however,  spread  to  such  rela-  * 

tively  stable  elements  of  the  Antillean  arc  | 

as  central  and  western  Cuba,  Jamaica,  and  | 

Puerto  Rico.  The  advancing  seas  inundated  I 

a  surfacewith  considerable  relief,  especial-  j 

ly  in  the  mobile  belt  stretching  from  the  i 

Sierra  Maestra  to  southwestern  Santo  Do-  I 

mingo,  where  mountainous  topography  was  ) 

buried  beneath  the  rapidly  accumulating  j 

sediments.  > 

The  form  the  Antilles  have  today  was  } 
acquired  during  the  succession  of  dia- 
strophic  events  that  started  in  the  latter  > 
part  of  the  Miocene  epoch.  Once  again  the  j 
east  end  of  the  Bartlett  trough  was  the  l 
scene  of  most  violent  movement,  but  no  ' 
section  of  the  arc  escaped.  The  broad 
swells  that  form  the  Swan  Island  and  Cay¬ 
man  banks,  with  the  adjacent  Bartlett  and 
Mar  de  las  Antillas  troughs,  though  not  | 

strictly  post-Miocene  creations,  were  ac-  j 

centuated.  Much  of  Cuba  was  furrowed  into  I 
gentle  anticlines  and  synclines  \riiile  east-  j 
em  Oriente  was  lifted  bodily  more  than  2000  j 
feet.  Puerto  Rico  was  raised  and  gently 
tilted  to  the  north  and  east.  Post-Middle  j 
Miocene  sedimentation  h^  been  both  lo- 
calized  and  intermittent,  because  movement  j 

has  continued  into  the  Quaternary  with  | 
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little  interruption.  Even  today  the  rapid  ero¬ 
sion  of  hi^lands  is  contributing  clastic 
debris  to  the  Cul  de  Sac;  estuarine  sedi¬ 
ments  are  filling  the  two  open  ends  of  the 
Cibao  and  other  embayments;  marine  cal¬ 
careous  deposits  are  accumulating  along 
sections  of  Cuba’s  north  coast,  in  the  open 
waters  of  the  partly  submerged  Virgin  Islands 
platform,  and  elsewhere. 

The  Tectonic  Pattern 

What  seems  to  be  a  bewildering  and  cha¬ 
otic  jumble  of  incompatible  structural  forms 
acquires  sense  and  order  if  water  and  polit¬ 
ical  bounda'des  are  ignored  and  emphasis 
is  given  to  the  larger  units  within  each  of 
which  the  geologic  structures  exhibit  close 
genetic  rdationships  (FIGURE  1). 

Simplest  of  the  units  is  the  Cuban  Plat¬ 
form,  on  v^ich  late  Cenozoic  deformation  is 
minimal.  This  geomorphic  section  embraces 
all  of  Cuba  except  the  portion  of  Oriente 
Province  that  lies  south  of  the  alluvial 
plain  of  Rfo  Cauto  and  the  valley  of  Rfo 
Nipe.*  Structurally,  it  consists  of  gently 
warped,  ormildly  folded.  Tertiary  limestones 
that  unconformably  overlap  either  unburied 
or  partly  exhumed 'Cretaceous  mountains. 
These  ancient  mountains  havb  strikes  that 
approximately  parallel  the  north  coast,  and, 
except  for  Las  Mantanas  de  Trinidad,  they 
are  asymmetrically  disposed  with  respect 
to  the  geographic  axis  of  Cuba;  tending  to 
lie  north  of  it.  If  the  strikes  are  projected 
across  the  Tertiary  lowlands  separating  the 
several  Cretaceous  elements,  the  latter  ap¬ 
pear  to  be  nonaligned  ranges  in  an  en 
echelon  system,  and  in  Camaguey  the  struc¬ 
tural  offset  can  actually  be  traced  and  re¬ 
stored. 

Except  for  the  peneplain  on  the  pre- 
Tertiary  rocks  of  western  Camaguey,  much 
of  the  relief  in  this  subsection  is  identified 
with  the  Cretaceous  mountains,  yet  it  may 
be  doubted  whether  any  of  the  relief  is 
primary.  The  uplands  of  Pinar  del  Rfo  and 
of  Las  Valles  have  clearly  been  elevated 
in  Tertiary  time,  and  in  Matanzas  the  Cre¬ 


taceous  is  exposed  only  in  the  cores  of 
anticlines  from  which  the  ardied  Tertiary 
strata  have  been  stripped.  Indeed,  the  very 
form  of  the  island,  as  well  as  its  topography, 
reflects  many  details  ofpost-Middle  Miocene 
compression.  Rfo  Cauto,  for  example,  is 
extending  its  delta  and  floodplain  into  the 
Golfo  de  Guacanayabo  syncline.  The  city 
of  Matanzas  nestles  in  a  plunging  syncline 
that  forms  Bahfa  de  Matanzas.  Yet,  for  all 
the  evidence  of  late  Cenozoic  folding  and 
warping,  the  Cuban  Platform  exhibits  a  de¬ 
gree  of  competence  that  stands  in  marked 
contrast  with  the  complex  mountain  belt 
that  lies  to  the  south  and  east. 

The  Greater  Antillean  Complex  Mountains 
are  divisible  into  three  distinct  subsections 
whidi,  for  convenience,  may  be  named  the 
Cayman  Fold  Mountains,  the  Hispanola 
Fault  Mountains,  and  the  Puerto  Rico  Block 
Mountain. 

The  Cayman  Fold  Mountains  are  probably 
more  complex  than  they  appear,  for  they  are 
known  diiefly  from  submarine  soundings  and 
from  the  widely  spaced  exposures  in  their 
emergent  islands— the  Caymans,  Swan  Is¬ 
land,  and  Jamaica.  The  islands  and  their 
associated  banks  lie  bn  the  crests  of  two 
swells,  which  are  assumed  to  be  anticlinal 
in  structure  and  anticlinorial  in  function. 
The  southern,  or  Swan  Island,  arch  extends 
from  the  bulge  along  the  Honduran-Nicara- 
guan  boundary  to  the  southern  peninsula  of 
Haiti,  rising  gently  from  the  relatively  flat 
floor  of  the'  Caribbean  basin  but  dropping 
more  sharply  into  the  depths  of  Bartlett 
trough.  It  breaks  Lie  surface  in  Swan  Island 
and  in  Jamaica,  where  the  rock  exposures 
reveal  the  characteristic  Greater  Antillean 
sequence  of  highly  deformed  and  intruded 
Cretaceous  volcanics  and  sediments  lying 
unconformably  beneath  Tertiary  limestones. 
Late  Tertiary  movement  elevated  the  latter 
into  a  plateau  of  moderate  elevation  and 
relief,  but,  in  this  eastern  portion  of  the  up¬ 
lift,  asymmetrical  folding  appears  to  have 
given  way  to  thrust-faulting.  Between  the 
Blue  Mountains,  which  attain  a  peak  eleva- 
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don  of  7360  feet,  and  the  Sierra  Maestra  of 
Cuba,  Bartlett  trough  descends  to  a  depth 
of  15,000  feet  below  sea  level.  The  northern 
anticline  stretches  westward  from  the  Sierra 
Maestra  to  the  Cayman  islands  and  thence 
to  Misteriosa  Bank,  where  it  approaches 
but  it  does  not  quite  reach  the  surface.  The 
mid-Tertiary  limestones  of  the  three  Cayman 
islands  indicate  a  development  that  paral¬ 
leled  that  of  Jamaica,  but  the  submarine 
topography  suggests  greater  structural  com¬ 
plexity,  in  which  tear-faulting  may  have  been 
a  feature.  A  broad  but  deep  synclinal  basin, 
to  which  Cubans  have  given  the  name  Mar 
de  las  Antillas,  separates  the  submarine 
tidge  from  central  and  western  Cuba. 

The  Hispanola  Fault  Mountains  have 
borne  the  brunt  of  late  Mesozoic  compres¬ 
sion,  and  active  movement  has  not  ceased. 
Starting  at  Cabo  Cruz,  in  Oriente  Province, 
the  belt  embraces  the  Sierra  Maestra  of 
Cuba,  all  of  Haiti,  and_ the  Dominican  Repub¬ 
lic.  The  Brownson  trough  between  the  Ba¬ 
hama  foreland  and  the  Greater  Antilles, 
with  its  extension  into  Nares  Deep,  though 
more  like  the  troughs  of  the  Cayman  sub¬ 
section,  exhibits  comparable  mobility  and 
will  be  included  with  the  structurally  more 
complex  land  elements.  This  subsection  in¬ 
cludes  all  the  Tertiary  geosynclinal  sedi¬ 
mentary  basins,  chief  of  which  are  the  Cul 
de  Sac,  the  Artibonite-Rfo  Yaque  del  Sur 
valleys,  and  the  Cibao.  These  areas  of 
persistent  subsidence  were  incompetent 
elements  and  in  post-Eocene  time  were  de¬ 
formed  by  compression  against  the  mote 
competent  Cretaceous  complexes  like  the 
northern  Cordillera  Central  of  Hispanola. 
During  subsequent  diastrophism  the  Eocene 
section  has  displayed  comparable  compe¬ 
tence,  forming  most,  or  all,  of  the  rock  sec¬ 
tion  in  the  Massif  de  la  Selle-Sierra  de 
Baharuco.  Compression  from  the  Ccuibbean 
basin  has  raised  this  mass  to  heights  of 
8000  feet,  forcing  it  to  depress  and  to  over¬ 
ride  the  Cul  de  Sac  along  a  high- angle 
thrust.  Even  Pliocene  strata  in  this  narrow 
trench  are  moderately  folded,  and  the  under¬ 


lying  Miocene  literally  stands  on  end.  Al¬ 
though  outcrops  suggest  that  its  original 
structure  was  synclinal,  it  has  undergone 
so  much  compression  that  its  midsection 
has  been  underthnist  beneath  the  highly 
elevated  mountains  to  the  north.  The  Cauto 
Valley,  north  of  the  Sierra  Maestra  in  Cuba, 
and  the  Cibao,  which  lies  between  the 
Cordillera  Central  and  the  Cordillera  Sep¬ 
tentrional  of  the  Dominican  Republic,  are 
similar  troughs  of  compressional  origin, 
with  open  submerged  ends  that  are  filling 
rapidly  with  alluvial  sediments.  In  the 
Cibao,  alluvium  of  Recent  origin  deposited 
by  Rfo  Yaque  del  Norte  has  not  only  been 
elevated  and  terraced  but  even  been  warped 
into  an  elongate  dome  with  axis  parallel  to 
that  of  the  trough.  North  of  the  latter,  the 
Cordillera  Septentrional  is  a  fractured  fault 
block,  in  which  the  fractured  components 
have  been  differentially  displaced,  as  in 
the  Pryor  Mountains  of  Montana. 

The  Puerto  Rican— Virgin  Islands  Plat¬ 
form  is  a  single  block  in  which  the  Mid- 
Tertiary  sediments  of  the  south  coast  have 
been  mildly  deformed,  but  which,  as  a 
whole,  has  been  gently  tilted  northward  and 
eastward.*  Although  the  eastward  tilt  is  a 
scant  10  feet  per  mile,  it  sufficed  to  sub¬ 
merge  the  Virginislands  in  Quaternary  time, 
and  there  is  now  an  overly  of  imperfect 
marine  forms,  notably  barrier  reefs,  upon 
drowned  subaetial  topography.  On  the  south¬ 
east  this  platform  ends  at  Anegada  trough, 
another  compressional  furrow,  along  which 
there  has  been  profound  vertical  displace¬ 
ment  (16,000  ifeet)  and  considerable  hori¬ 
zontal  movement  in  Quaternary  time.* 

The  eastern  border  of  the  Lesser  Antil¬ 
lean  Anticlinorium  arc  forms  a  distinct— and 
distinctive— section  consisting  of  three 
ridges  and  two  intervening  synclinal  troughs. 
The  innermost  ridge  is  submerged,  unless 
the  island  of  St  Croix,  located  at  the  north¬ 
western  comer  of  the  section,  is  part  of  it 
If  so,  this  structural  element  is  a  replica 
of  Greater  Antillean  geology.  On  it,  Cre¬ 
taceous  mountains  are  overlapped  by  mildly 
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deformed  mid-Tertiary  limestones.  Hams 
Bluff,  in  the  northwestern  comer,  is  a  Re¬ 
cent  fault  scarp  fronting  on  Anegada  trough 
and  testifying  to  the  late  Cenozoic  separa¬ 
tion  of  this  Greater  Antillean  outpost  from 
the  islands  to  the  north  and  west.*  The  con¬ 
figuration  of  the  submarine  topography  sug¬ 
gests  continuity  with  the  anticlinal  swell 
along  the  east  margin  of  the  Caribbean 
basin.  The  two  eastern  ridges  are  more 
closely  spaced,  even  to  the  point  of  fusion 
in  a  few  of  the  Lesser  Antillean  islands. 
The  outer  swell,  along  the  Atlantic  basin, 
brings  Tertiary  limestone  to  the  surface, 
whereas  the  inner  ridge  supports  a  string 
of  dormant  or  active  volcanoes,  of  which 
Pelee  is  best  known  and  Saba  is  most  pic¬ 
turesque. 

These  are  the  Antillean  tectonic  sec¬ 
tions,  but  two  peripheral  masses  have  had 
a  significant  part  in  the  mechanics  of  An¬ 
tillean  deformation.  To  the  south  of  the 
Greater  Antilles  the  Caribbean  Basin  ap¬ 
pears  to  have  acted  as  a  rigid  plate  that 
has  transmitted  forces  rather  than  absorbed 
them.  In  contrast  with  the  38,000  feet  of 
relief  in  the  Hispanola  section,  its  deep 
floor  (12,000—16,000  feet)  reflects  gentle 
changes  in  submarine  depth,  totaling  a 
scant  4000  feet.  To  the  north  lies  the 
Bahama  Foreland,  with  its  puzzling  sub¬ 
marine  canyons.  Even  more  puzzling,  how¬ 
ever,  is  the  flatness  of  its  plateau-like  sur¬ 
face,  much  of  it  submerged  only  a  few  fath¬ 
oms,  with  the  emergent  areas  rising  only  a 
few  feet  above  sea  level. 

The  Mechanics  of  Deformation 

The  Greater  Antilles  have  been  squeezed 
between  the  viselike  stable  structural  ele¬ 
ments  of  the  Caribbean  basin  and  the 
Bahama  foreland.  If  the  latter  appears  to 
be  too  frail  a  mass  to  withstand  the  accel¬ 
erating  succession  of  pressures  to  which 
the  West  Indian  islands  have  been  subjected 
in  Mesozoic  and  Cenozoic  time,  it  must  be 
recalled  that  it  has  the  whole  of  the  North 
Atlantic  basin  to  hold  it  in  place.  In  fact. 


the  latter  was  the  stable  mass  at  the  north-  |j 
east  comer  of  the  chain,  where  compression  f 
crinkled  its  edge  to  a  depth  in  excess  of  |; 
27,000  feet  in  the  Nares  foredeep,  a  scant 
50  miles  north  of  Puerto  Rico. 

Cretaceous  orogeny  cmshed  volcanic¬ 
sedimentary  materials  into  fairly  tight  folds, 
and  deep-seated  volcanism  added  massive 
batholiths  and  stocks  that  imparted  mechan¬ 
ical  competence  to  large  but  localized 
areas.  Along  their  northern  front  the  Cre¬ 
taceous  mountains  either  conformed  in 
strike  to  the  configuration  of  the  Antillean 
land  mass  (western  Cuba)  or  adapted  them¬ 
selves  to  the  arcuate  edge  by  en  Chelan 
folding,  which  can  be  partly  reconstructed 
from  the  isolated  Cretaceous  outcrops  that 
rise  through  the  younger  Tertiary  cover.  | 
Pressure  was  reapplied  at  the  end  of  j 
Eocene  time  and  has  scarcely  been  relaxed 
since.  Although  there  is  reason  to  believe  ( 
that  it  was  greatest  at  the  open  west  end 
of  the  vise— witness  the  drag  along  the 
Yucatdn  platform  suggested  by  the  hooked 
ends  of  western  Cuba  and  the  Swan  Island 
ridge— greatest  deformation  occurred  in  , 
Hispanola,  which  occupies  the  narrowest  I 
section  of  the  vise.  The  broadly  spaced 
stmctures  of  the  Cuban  Platform  and  Cay¬ 
man  Fold  Mountains  converge  upon  Hispan¬ 
ola,  where  they  all  but  join  in  the  compli-  | 
cated  knot  of  the  Cordillera  Central.  With  i 
direct  compression  severely  limited  in  so  I 
constricted  an  area,  transverse  fracturing  I 
provided  relief  initially  in  Windward  Pas-  F 
sage,  and  currently  in  Mona  and  Anegada 
passages.  Lateral  and  torsional  movements  | 
have  offset  the  major  stmctural  blocks  | 
separated  by  these  tear  faults.  Another  ( 
mechanical  phenomenon  appears  to  have 
evolved  from  the  stresses  and  strains  set 
up  along  these  diagonal  shears;  namely,  the  ) 
development  of  secondary  (or  tertiary)  late^  t 
al  displacements  along  the  high-angle  I 
thrusts  that  bound  such  compressibnal  « 
troughs  as  the  Cul  de  Sac  and  the  Cibao.  I 
Severed  from  the  structural  complex  of  I 
Hispanola  by  faulting  in  Mona  Passage,  the  I 
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i  Puerto  Rican— Virgin  Islands  block  has 
I  acted  as  a  competent  monolith  that  has 
I  transmitted  the  pressure  exerted  on  it  to 

I  the  Nares  foredeep.  The  Bahama  foreland 

ends  north  of  Hispanola,  hence  was  not  a 
limiting  obstacle,  nor  does  Puerto  Rico 
I  contain  any  of  the  incompetent  sedimentary 
'  troughs  that  have  proved  So  susceptible  to 
orogeny  in  Hispanola.  Yet  the  magnitude 
of  the  forces  that  have  affected  this  comer 
of  the  Antilles  can  be  gauged  both  by  the 
Nares  foredeep  and  by  the  depth  of  Anegada 
trough  (15,000  feet),  the  recency  of  faulting 
along  it,  and  the  intensity  and  frequency 
of  earthquakes  along  it  and  in  Mona  Pas* 
sage. 

The  Lesser  Antilles  form  a  transverse 
range  which  can  be  simply  explained  as  a 
product  of  compression  resulting  from  rota¬ 
tion  of  the  Caribbean  basin.  If  it  be  postu¬ 
lated  that  this  structural  unit  moved  north¬ 
ward  farther  and  faster  in  the  west,  rotating 
at  the  Hi^anolan  knot  so  as  to  exert  an 
intermittent  compressive  force  of  mild  in¬ 
tensity  toward  the  east,  against  the  Lesser 
Antilles,  the  three  structural  ridges  can  be 


adequately  accounted  for.  In  fact,  the  phe¬ 
nomenon  can  be,  and  has  been,  produced 
experimentally.  If  correct,  this  exposition 
removes  the  Antilles  from  the  mysterious 
category  of  arcuate  mountains  and  makes 
them  analogous  with  such  continental  tec¬ 
tonic  features  as  the  Rocky  Mountains, 
with  the  transverse  Uintas;  or  die  Califor¬ 
nia  Coast  Range,  with  the  transverse  Los 
Angeles  ranges. 
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THE  EFFECT  OF  EXCESS  DIETARY 

CHOLESTEROL  ON  THE  BILE  ACID 
AND  STEROL  EXCRETION* 

By  E.  H.  MOSBACH.  L.  L.  ABELL,  AND 
F.  E.  KENDALL** 

Previous  studies  in  this  laboratory  have 
shown  that  arteriosclerosis  can  be  pro¬ 
duced  in  dogs  by  the  administration  of  cho¬ 
lesterol  and  thiouracil.'  Since  arterial  le¬ 
sions  could  not  be  produced  in  euthyroid 
dogs  by  cholesterol  feeding,  it  seemed  of 
interest  to  study  the  fate  of  dietary  choles¬ 
terol  in  euthyroid  and  hypothyroid  animals. 

In  the  present  investigation  it  was  shown 
that  euthyroid  dogs  on  a  5  per  cent  choles¬ 
terol  diet  ingested  on  the  average  22.5  gm. 
of  cholesterol  per  day,  while  the  fecal  ex¬ 
cretion  of  cholesterol  (as  determined  by 
the  method  of  Schonheimer  and  Sperry,  S.S.) 
amounted  to  only  8.8gm.  (39  per  cent).  Dogs 
on  the  cholesterol  plus  thiouracil  regimen 
consumed  on  the  average  24.4  gm.  of  cho¬ 
lesterol  daily  and  excreted  7.4  gm.  (30  per 
cent)  of  cholesterol  (S.S.)  in  the  feces. 
Analyses  of  the  total  non-saponifiable  ex¬ 
tract  of  the  feces  showed  that  this  fraction 

*Thls  paper,  the  flrat  of  two  papers  In  a  aympoaium 
on  Experimental  Atheroaclerosls,  was  presented  at  a 
meeUng  of  the  Section  on  December  14,  1953. 

**Columbla  University  Research  Service,  Goldwater 
Memorial  Hospital,  NewYoik, 


accounted  for  less  than  50  per  cent  of  the 
ingested  cholesterol.  The  difference  be¬ 
tween  cholesterol  intake  and  excretion 
could  not  be  due  to  tissue  storage,  since, 
in  prolonged  experiments,  the  amount  of 
cholesterol  unaccounted  for  exceeded  the 
dry  weight  of  the  animal. 

Further  studies  showed  that  the  major 
portion  of  the  ingested  cholesterol  was  not 
excreted  as  bile  acids.  It  was  found  that 
both  euthyroid  and  hypothyroid  cholesterol- 
fed  dogs  excreted  about  0.85  gm.  of  bile 
adds  per  day.  In  euthyroid  cholesterol-fed 
dogs  the  fecal  bile  acids  consisted  of  ap¬ 
proximately  equal  amounts  of  cholic  and 
desoxydiolic  adds,  while  in  hypothyroid 
animals  the  fecal  bile  acid  fraction  con¬ 
sisted  mainly  of  desoxydiolic  acid. 

These  results  indicate  that  excess  dietary 
cholesterol  can  be  degraded  in  the  dog  to 
substances  other  than  sterols  or  bile  acids. 
It  appears  further  that  in  cholesterol-fed 
dogs  the  thyroid  state  does  not  have  a  large 
effect  on  the  quantities  of  sterols  or  bile 
adds  excreted,  but  does  seem  to  have  a 
profound  influence  on  the  kind  of  bile  acid 
found  in  the  feces. 

Reference 
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FEEDING  EXPERIMENTS  WITH 
PROBABLE  CHOLESTEROL 
PRECURSORS* 

I  By  DAVID  KRITCHEVSKY** 

I  Since  the  observation '  that  the  feeding 

I  of  the  CjoHso  hydrocarbon  squalene  to  rats 
caused  a  threefold  increase  in  their  liver 
non-saponifiable  matter  with  a  concomitant 
100  per  cent  increase  in  cholesterol,  there 
have  been  several  suggestions  that  squalene 
may  be  a  biological  precursor  of  choles¬ 
terol.  *»>»<»*  With  the  aid  of  isotopes,  it 
has  been  shown*  that  squalene  is,  indeed, 
a  normal  constituent  of  rat  liver  and  its 
I  function  as  a  precursor  in  cholesterol  bio¬ 
synthesis  has  been  established.*  The  im¬ 
portance  of  exogenous  cholesterol  as  a 
factor  in  the  development  of  atherosclero¬ 
sis  has  been  emphasized  by  Gofman*  and 
has  been  recently  reviewed  by  Moses.*  We 
decided  to  feed  squalene,  to  test  the  effi¬ 
cacy  of  endogenous  cholesterol  in  the  de¬ 
velopment  of  atherosclerosis,  since  it 
would  appear  to  be  the  most  efficient  non¬ 
steroidal  precursor  of  cholesterol.^* 

Four  groups  of  rabbits  were  subjected  to 
the  following  diets:  normal  rabbit  pellets 

iand  thesepellets  augmented  with  3  per  cent 
squalene  in  com  oil,  3  per  cent  choles¬ 
terol  in  com  oil,  and  3  per  cent  squalene 
plus  3  per  cent  cholesterol  in  com  oil,  re¬ 
ject!  vely.  After  seven  weeks,  half  of  the 
squalene-fed  group  and  all  of  the  other  ani¬ 
mals  were  killed,  their  semm  examined 
I  ultracentrifugally  for  lipoproteins,"  and 

their  aortas  graded  visually  for  atheroscle¬ 

rotic  lesions.  Their  livers  were  assayed  for 
total  non-saponifiable  matter,  cholesterol" 
and,  in  one  group,  squalene.'*  The  other 
half  of  the  squalene-fed  group  was  main¬ 
tained  on  this  diet  for  an  additional  seven 

*Thia  paper,  the  aecond  of  two  papera  in  a  aym- 
poaium  on  Eapeiimental  Atheroacleroaia.  waa  pre- 
aented  at  a  meeting  of  the  Section  on  December  14. 

^  19S3. 

**Viral  and  Rickettaial  Reaearch,  Lederie  Latv 
oratoiiea  Diviaion,  American  Cyanamid  Company, 
i  __  Pearl  River.  N.  Y. _ 


weeks.  The  average  degree  of  atheroma 
found  in  each  group  was:  normals,  0.05; 
squalene— 7  weeks,  0.25;  squalene— 14 
weeks,  0.13;  cholesterol  alone,  2.50;  and 
cholesterol  plus  squalene,  2.70.  It  can  be 
seen  that,  while  squalene  feeding  did  not 
cause  atheromata  in  these  rabbits,  it  had 
not  lessened  the  severity  of  cholesterol- 
induced  lesions  when  fed  together  wifii 
cholesterol.  Theultracentrifuge  data  showed 
that,  while  the  squalene  seven-week  rabbits 
had  a  normal  lipoprotein  spectram,  the 
squalene  14-week  rabbits  showed  elevations 
in  the  S^O-11  12-20  classes,  which  are  rich¬ 
er  in  cholesterol,'*  indicating  a  conversion 
of  squalene  to  diolesterol.  The  two  groups 
on  diolesterol  showed  the  usual  elevation 
in  semm  lipoproteins  of  all  classes.  Pos¬ 
sibly  much  longer  squalene  feeding  could 
result  in  eventual  atherosclerotic  lesions 
and  elevated  semm  lipoproteins.  On  a  14- 
week  squalene  diet  rabbits  show  a  fifteen¬ 
fold  increase  in  liver  non-saponifiable 
material  and  an  eight-fold  increase  in  liver 
cholesterol.  The  seven-week  cholesterol 
diets  resulted  in  fifty-  and  forty-fold  in¬ 
creases,  respectively. 

Feedings  with  A*-diolestenol,'*  which 
has  been  implicated  as  a  cholesterol  pre¬ 
cursor,'*  were  not  carried  out  for  a  long 
enough  period  of  time  to  show  atheroscle¬ 
rotic  lesions,  but  they  did  show  that  when 
A*-cholestenol  (one  per  cent  in  oil)  is  fed 
to  rabbits  for  two  weeks  the  resultant  lipo¬ 
protein  spectmm  is  very  much  like  that 
seen  on  a  one  per  cent  cholesterol  diet.* 
The  5-15  lipoprotein  class  is  higher  on  £ 
A*-diolestenol  diet,  which  may  again  be 
taken  as  evidence  of  rapid  conversion  tc 
cholesterol.  There  is  an  increase  in  semir 
diolesterol.  Similar  semm  rises  in  choles¬ 
terol  have  been  noted  in  feeding  of  this 
sterol  to  rats."  Feeding  of  a  diet  compris¬ 
ing  one  per  cent  A*-cholestenol  plus  1  pe; 
cent  cholesterol  gives  a  semm  lipoproteit 
spectmm  analogous  to  that  observed  on  t 
two  per  cent  cholesterol  diet. 

*Thi8  work  was  carried  out  at  the  Radiation  Labo 
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SUSTAINING  MEMBERSHIP 

Burton,  Andrew  F.,  Ph.D.,  Surgery.  Assistant 
Professor  of  Surgery,  Howard  University, 
Washington,  D.  C. 

Butt,  Edward  M.,  M.D.,  Pathology.  Professor  of 
Pathology,  University  of  Southern  California, 
Los  Angeles,  Calif. 

Gagnon,  Fabien,  M.D.,  Cancer.  Professor  of  Gyn> 
ecology,  Laval  University,  Quebec,  Canada. 

Klipstein,  Kenneth,  H.,  M.A.,  Physics,  Chemis¬ 
try.  Assistant  General  Manager,  Calco  Cherni¬ 
es  Division,  American  Cyanamid  Company, 
Bound  Brook,  N.  J. 

MeVay,  Leon  V.,  Jr.,  M.D.,  Biology.  Internist, 
MeVay  Clinic,  Mobile,  Ala. 

ACTIVE  MEMBERSHIP 

Adams,  Richard  August,  M.  A.,  Cancer  Trans¬ 
plantation.  Graduate  Student,  Boston  Univer¬ 
sity,  Boston,  Mass. 

Aebersold,  Paul  C.,  Ph.D.,  Nuclear  Physics. 
Director,  Isotopes  Division,  U.  S.  Atomic  En¬ 
ergy  Commission,  Oak  Ridge,  Term. 

Alexander,  Samuel  A.,  M.Di,  Ear,  Nose,  and 
Throat,  Associate  Professor,  Georgetown  Uni¬ 
versity,  Washington,  D.C. 

Allin,  Elizabeth  J.,  Ph.D.,  Physics.  Assistant 
Professor,  University  of  Toronto,  Toronto, 
Canada. 

Andren,  H.  E.,  M.D.,  Psychology,  Anthropology. 
Practicing  Neuropsychiatry,  Instructor,  Takoma 
Park  Theological  Seminary,  Takoma  Park,  Md. 

Andres,  Reubin,  M.D.,  Intern^  Medicine,  Physi¬ 
ology.  Instructor,  Department  of  Ekivirorunenr 
tal  Medicine,  Johns  Hopkins  University,  Bal¬ 
timore,  Md. 

Barr,  Eugene  Osmun,  M.D.,  Malignant  Diseases. 
Surgeon,  Washington,  D.C.  . 

Berliner,  Anna,  Ph.IX,  Psychology.  Professor, 
Pacific  University,  Forest  Grove,  Ore. 

Blumenfeld,  Arthur,  B.SL,  Vitamins.  University 
Loudspeakers  Inc.,  White  Plains,  N.  Y. 

Bois,  Pierre,  M.D.,  Endocrinology.  Research 
Assistant;  Institute  of  Experimental  Medicine 
and  Surgery,  University  of  Montreal,  Montreal, 
Canada. 

Brown,  Elwyn,  SL,  M-D.>  Respiratory  Physi¬ 
ology.  Principal  Cancer  Research  Scimtist, 
Roswell  Park  Memorial  Institute,  Buffalo,  N.Y. 

Browne,  Calvin  O.,  B.Sc.,  Biology,  Biocdiemia- 
try.  Assistant,  Research  Project,  Muscular 
Dystrophy,  Cornell  Medical  Center,  New  York. 

Burgos,  Mario  H.,  M.D.,  Biology.  Department  of 
Anatomy,  Harvard  Medical  School,  Boston, 
Mass. 

Buss,  Edward  G.,  M.S.,  Genetics.  Acting  Head, 
Poultry  Department,  Colorado  A.  Ik  M.  College, 
Fort  Collins,  Colo. 

Cohen,  Joel  Ralph,  M.S.,  Medical  Bacteriology. 
Bacteriologist,  Sk>ringfield  Hospital,  Sirring- 
field.  Mass. 

Danunin,  Gustave  J.,  M.D.,  Pathology.  Patholo- 
gi8t-in<3iief,  Peter  Bent  Brigham  Hospital, 
Boston,  Mass. 

Damron,  Charlotte  M.,  Ph.D.,  Environmental 


Medicine.  Department  of  Environmental  Medi¬ 
cine,  Johns  Hopkins  University,  Baltimore,  Md. 

Deering,  Ronald,  M.S;,  Physiology,  Pharmacol¬ 
ogy.  Research  Assistant,  Bristol-Myers  Com¬ 
pany,  Hillside,  N.  J. 

De  Pontet,  Andre  B.,  Ph.D.,  Anthropology,  Eth¬ 
nology.  Member,  International  Bar  Association, 
New  York,  N.  Y. 

Eddie,  Bernice  U.,  Ph.D.,  Field  Epidemiology. 
Associate  Professor  of  Research  Medicine, 
George  Vfilliams  Hooper  Foundation,  Univer¬ 
sity  of  California  Medical  Center,  San  Fran¬ 
cisco,  Calif. 

Farrow,  Robert  L.,  M.S;,  N euro-mu scular  Physi¬ 
ology.  Graduate  Student,  Ohio  State  University, 
Columbus,  Ohio. 

Foldy,  Leslie  L.,  Ph.D.,  Physics.  Professor, 
Universitetets  Institut  for  Teoretisk  Fysik, 
Copenhagen,  Denmark. 

Frankel,  Jack  William,  Ph.D.,  Virologist,  Sharp 
and  Dohme  Inc.,  West  Point,  Pa. 

Fromm,  August  G.,  B.SL,  Mathematics  and  En¬ 
gineering.  Civil  Engineer,  New  York  City  Tran¬ 
sit  Authority,  New  York,  N.  Y. 

Ganong,  ^liam  F.,  M.D.,  Neuro-endocrine  Re¬ 
search.  Director,  Laboratory  for  Surgical  Re¬ 
search,  Harvard  Medical  School,  Boston,  Mass. 

Gelin,  Gabriel  H.,  Hematology.  CUef  Physician, 
Ci^^  Hospital,  Oran,  Algeria. 

Green,  Robert  Boyce,  D.Sc.,  Physics.  Associate 
Professor,  Stevens  Institute  of  Technology, 
Hoboken,  N.  J. 

Haagen,  Mary,  Biology,  Psychology.  Layman, 
New  York,  N.  Y. 

Harris,  Jerome  S.,  M.D.,  Pediatrics,  Biodiemia- 
try.  Professor  of  Pediatrics,  Duke  University, 
Durham,  N.  C. 

Hausdorff,  Harry  H.,  M.S.,  St>ectroscopy.  Re¬ 
search  Laboratory,  Perkin-Elmer  Corporation, 
Norwalk,  Conn. 

Heim,  Werner  George,  M.A->  Zoology.  Graduate 
Student,  University  of  California,  Los  Angeles, 
CaliL 

Henderson,  Alfred  R,  M.D.,  Thoracic  Surgery. 
Asbury  Park,  N.  J. 

Hess,  Eugene  Lyle,  Ph.D.,  Protein  Chemistry. 
Researdi  Associate,  Rheumatic  Fever  Re¬ 
search  Institute,  Northwestern  University  Med¬ 
ical  School,  Chicago,  IlL 

Hess,  Sidney  M.,  Ph.D.,  Pharmacology,  Bio¬ 
chemistry.  Pharmacologist,  United  States  Food 
and  Drug  Administration,  Washington,  D.C. 

Hicks,  W.  Wesley,  Electric  Heating.  President, 
Wesix  Electric  Heater  Company,  San  Francis¬ 
co,  CaliL 

ladian,  Abrahao,  B.SL,  Biochemistry.  Chemist, 
Institute  National  de  Tecmolo^a,  Brazilian 
Government  Laboratory,  Rio  de  Janeiro,  BraziL 

Kinsey,  V.  Everett,  Ph.D.,  Opth^mic  Biochemi¬ 
cal  Research.  Assistant  Director  of  Research, 
Kresge  Eye  Institute,  Detroit,  Mich. 

Kirsten,  Grace,  M.A.,  Psychofiierapy.  Lecturer, 
and  Child  Guidance  Consultant,  Brooklyn,  N.Y. 

Martin,  Jorge  M.,  M.D.,  Endocrinology.  Research 
Fellow  in  Medicine,  Harvard  University, 
Boston,  Mass. 

Mathews,  Willis  W.,  Ph.D.,  Biology.  Assistant 
Professor,  Zoology,  Wayne  University,  Detroit, 
Mich. 
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Mayer,  Lloyd  Dewald,  M.D.,  Immunology,  Allei^ 
gy.  Practicing  Allergist,  Lexington,  Ky. 

Midial-Smidi,  Harold,  PtuD.,  Child  Psychology. 
Chief  Clinical  Psychologist,  Flower  and  Fifth 
Avenue  Hospitals,  New  York,  N.  Y. 

Morrell,  Roger  Merritt,  B.S.,  Medicine.  Senior 
Medical  Student,  George  Washington  Univer¬ 
sity,  Washington,  IX  Q 

Olken,  Harry  G.,  M.D.,  Medical  Pathology.  As¬ 
sistant  Professor,  Pathology,  Tufts  Medical 
School,  Boston,  Mass. 

Olney,  Millard  P.,  M.p.,  Medicine.  Physician 
and  Surgeon,  Los  Angeles,  Cali£ 

Palthey,  Georges,  Psychology.  Director  of  Pet- 
soiuiel.  United  Nations,  New  York,  N.  Y. 

Pleasants,  Frederick  R.,  B.&,  Primitive  Art 
Curator,  Primitive  and  New  World  Cultures, 
Brooklyn  Museum,  Brooklyn,  N.  Y. 

Press,  Newtol,  B.A.,  Biology.  Research  Assist¬ 
ant,  Department  of  Zoology,  State  University 
of  Iowa,  Iowa  City,  Iowa. 

Riser,  Wayne  H.,  D.V.M.,  Veterinary  Medicine. 
Director  and  Owner,  Riser  Animal  Hospital, 
Skokie,  Ill 

Robbins,  Irene,  Biology,  Psychology.  Layman, 
Brooklyn,  N.  Y. 

Russell,  R.D.,  lil  Geophysics.  Graduate  Stu¬ 
dent,  University  of  Toronto,  Toronto,  Canada. 

Rustig^an,  Robert,  PtuD.,  Virology,  Immunology. 
Assistant  Professor,  University  of  Chicago, 
Chicago,  Ill 

Sacher,  Alex,  PIuD.,  Polymer  Chemistry.  As¬ 
sistant  Researcdi  Manager,  Irvington  Varnish 
and  Insulator  Division  of  Minnesota  Mining 
and  Manufacturing  Company,  Irvington,  N.  J. 

Siegel  Michael,  M.&,  Pharmaceutical  Research. 
Director,  Etldcal  Research  Laboratories,  War¬ 
ren,  Pa. 

S^odin,  Raymond  Andrew,  B.&,  Cell  Physiology, 
Biophysics.  Graduate  Studenl  University  of 
California,  Berkeley,  Cali! 

Skeels,  Robert  F.,  M.D.,  Clinical  Medicines  As¬ 
sociate,  The  Aelton  Clinic,  Los  Angeles, 
CaUL 

Slaunvdrite,  W.  Roy,  Jr.,  Ph.D.,  Endocrinology. 
Senior  Cancer  Research  Bio^emisl  Roswell 
Park  Memorial  Institute,  Buffalo,  N.  Y. 

Stabler,  Howard  P.,  Ph.D.,  Electronic  Devices. 
Professor  of  Physics,  IHlliams  College,  Wil- 
liamstown.  Mass. 

Stares,  Peter,  Dr.  Agr.,  Rural  Sociology.  Chief, 
Latvian  University  Extension,  New  York,  N.Y. 

Steinshneider,  Alfred,  M.A.,  Psychology.  Grark 
uate  Assistanl  Cornell  University,  Ithaca, 
N.Y. 

Stem,  Alexander  W.,  B.SL,  Physics.  Civil  En- 
gineer-in-Charge,  Bureau  of  Highway  Design, 
City  of  New  York,  Brooklyn,  N.  Y. 

Steyn,  Rolf  William,  B.Sb,  Medicine.  Medical 


Student,  University  of  Rochester,  Rochester, 
N.  Y. 

Teodorovic,  Svetozar  D.,  M.D.,  Parasitology. 
Head  of  Parasitology,  Institute  for  Medical 
Research,  E.  R.  Squibb  and  Sons,  New  Bruns¬ 
wick,  N.  J. 

Toosy,  M.  H.,Ph.D.,  Biological  Effects  of  Radi¬ 
ation,  Professor  and  Head,  Department  of 
Anatomy,  Nishtar  Medical  College,  Multan, 
Pakistan. 

Turcot,  Jacques,  M.D.,  Surgery,  Medicine.  At¬ 
tending  Surgeon,  Hotel  Dieu  Hospital,  Quebec, 
Canada 

Turner,  Lois  G.,  B.Sb,.  Biology.. Research  Chem¬ 
ist,  Pharmacology  Department,  Bristol-Myers 
Company,  Hillside,  N.  J. 

Tuve,  Richard  L.,  B.A.,  Physical  Chemistry. 
Head,  Engineering  Research  Branch,  Chem¬ 
istry  Division,  U.  S>  Naval  Research  Labors 
tory,  Washington,  D.C. 

Void,  Marjorie  J.,  Ph.D.,  Colloid  Chemistry.  Re¬ 
search  Associate  and  Lecturer,  University  of 
Southern  California,  Vaii't  Hoff  Laboratorium, 
Utrecht,  Holland. 

Webster,  George  C.,  Ph.D.,  Plant  Biochemistry, 
Physiology.  Research  Fellow,  California  I^ 
stitute  of  Technology,  Pasadena,  CaliL 

White,  Philip  Gardner,  Ph.D.,  Immunological  as¬ 
pects  of  Bacteriology.  Director  of  Research, 
American  Scientific  Laboratories  Inc.,  Madi¬ 
son,  Wi& 

Winchell,  J.  Talbot,  Semantics.  President,  Pam 
adena,  Calif.  < 

Wtzel,  Frank,  B.SL,  Natural  Gums,  Synthetic  ‘ 
Polymers.  Assistant  Manager,  Gum  Base  Divi¬ 
sion,  Beach-Nut  Packing  Company,  New  York, 
N.  Y. 

Woemley,  Donald  L.,  Ph.D.,  Biophysics.  Bio¬ 
physicist,  Roswell  Park  Memorial  Institute^ 
Buffalo,  N.  Y. 

Wyant,  Gor^n  M.,  M.D.,  Medicine^  Anesthesiol-  j 
og^.  As^stant  Professor  of  Surgery,  Stritdi 
School  of  Medicine,  Loyola  University,  Chi¬ 
cago,  IIL  , 

Yoshimori,  Miye,  B.A.,  Biology.  Senior  LM>orm 
tory  Technician,  University  of  California,  Los 
Angeles,  CaliL 

STUDENT  MEMBERSHIP 

Chester,  Edward  H.,  B.A.,  Medicine.  MedicM 
Student,  New  York  University,  New  York,  N.Y.  ; 

EUlwards,  Adrian  L.,  Oceanography.  Student, 
Wagner  College,  Staten  Island,  N.  Y. 

Fluss,  Evelyn  E.,  Physiology.  Student,  Hunter 
College,  New  York,  N.  Y. 

Rowley,  George  Richard,  B.A.,  Physiology,  Bio¬ 
chemistry.  Graduate  Student,  Rutgers  Univer¬ 
sity,  Rahway,  N.  J. 


